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(54) CONSTRUCTION MACHINE

(57) Provided is a construction machine allowing re-
generation of a return hydraulic fluid at the time of both
a boom raising operation and a boom lowering operation
with a small number of valves, making it possible to se-
cure a satisfactory operability at the time of both the boom
raising operation and the boom lowering operation.

The construction machine includes: a first hydraulic
actuator; a second hydraulic actuator; a tank; and a first
hydraulic pump supplying a hydraulic fluid to the second
hydraulic actuator, the construction machine further in-
cluding: a return hydraulic fluid selection device selecting
a supply source of a return hydraulic fluid generated at
a time of a raising operation or a lowering operation of
the first hydraulic actuator and discharging the return hy-
draulic fluid; a regeneration line supplying the hydraulic
fluid discharged from the return hydraulic fluid selection
device to a portion between the second hydraulic actu-
ator and the first hydraulic pump to regenerate the hy-
draulic fluid; a discharge line discharging the hydraulic
fluid discharged from the return hydraulic fluid selection
device to the tank; and a regeneration/discharge flow rate
adjustment device capable of adjusting a flow rate of the
hydraulic fluid flowing through the regeneration line and
a flow rate of the hydraulic fluid flowing through the dis-
charge line.
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Description

Technical Field

[0001] The present invention relates to a construction
machine and, more specifically, to a construction ma-
chine such as a hydraulic excavator equipped with a hy-
draulic actuator and a regeneration circuit regenerating
a hydraulic fluid from the hydraulic actuator.

Background Art

[0002] Regarding a construction machine, there is
known a technique regenerating the return hydraulic fluid
from the hydraulic actuator via a control valve in order to
improve the fuel efficiency of the engine and to attain
energy saving. Examples of the technique are disclosed
in Patent Document 1 and Patent Document 2.
[0003] Patent Document 1 discloses a hydraulic con-
trol system in which a power discharged from a bottom
side hydraulic fluid chamber when a boom cylinder for
driving a work device of a construction machine falls due
to its own weight is regenerated for the driving of another
hydraulic actuator via a control valve.
[0004] Patent Document 2 discloses a hydraulic drive
system in which a high pressure hydraulic fluid in a rod
side hydraulic fluid chamber of a boom cylinder is regen-
erated in a bottom side hydraulic fluid chamber of an arm
cylinder at the time of excavating when the hydraulic ex-
cavator performs a combined operation of boom raising
and arm crowding in order to efficiently utilize the return
hydraulic fluid, which is discharged to a tank in the prior
art.

Prior Art Documents

Patent Documents

[0005]

Patent Document 1: Japanese Patent No. 5296570
Patent Document 2: Japanese Patent No. 4562948

Summary of the Invention

Problem to be Solved by the Invention

[0006] According to the prior-art techniques described
above, it is possible to attain energy saving since the
return hydraulic fluid from the boom cylinder can be re-
generated at the time of the boom lowering operation or
the boom raising operation. However, both the prior-art
documents solely describe the regeneration of the return
hydraulic fluid at the time of one of the boom lowering
operation and the boom raising operation. None of these
documents refers to a technique applying to the regen-
eration of the return hydraulic fluid at the time of both the
boom raising operation and the boom lowering operation.

[0007] When an attempt is made based on the prior
art to regenerate the return hydraulic fluid at the time of
both the boom raising operation and the boom lowering
operation, four valves in total are required: a valve for
discharging the return hydraulic fluid to the tank at the
time of the boom raising operation, a valve for regener-
ating the return hydraulic fluid at this time, a valve for
discharging the return hydraulic fluid to the tank at the
time of the boom lowering operation, and a valve for re-
generating the return hydraulic fluid at this time. Thus,
the hydraulic apparatus may become larger.
[0008] Further, to maintain the operability, it is neces-
sary to properly control the discharge amount to the tank
and the regeneration flow rate at the time of the boom
raising operation and the boom lowering operation. For
example, a simple switching circuit would bring the op-
erator a feeling of great strangeness. Thus, a complicat-
ed circuit is required, and the productivity may be dete-
riorated.
[0009] The present invention has been made in view
of the above circumstances. It is an object of the present
invention to provide a construction machine allowing re-
generation of a return hydraulic fluid at the time of both
a boom raising operation and a boom lowering operation
with a small number of valves, making it possible to se-
cure a satisfactory operability at the time of both the boom
raising operation and the boom lowering operation.

Means for Solving the Problem

[0010] To achieve the above object, there is adopted,
for example, a construction as claimed in the appended
claims. The present application includes a plurality of
means for achieving the above object. According to one
example thereof, there is provided a construction ma-
chine including: a first hydraulic actuator; a second hy-
draulic actuator; a tank; and a first hydraulic pump sup-
plying a hydraulic fluid to the second hydraulic actuator,
the construction machine further including: a return hy-
draulic fluid selection device selecting a supply source
of a return hydraulic fluid generated at a time of a raising
operation or a lowering operation of the first hydraulic
actuator and discharging the return hydraulic fluid; a re-
generation line supplying the hydraulic fluid discharged
from the return hydraulic fluid selection device to a portion
between the second hydraulic actuator and the first hy-
draulic pump to regenerate the hydraulic fluid; a dis-
charge line discharging the hydraulic fluid discharged
from the return hydraulic fluid selection device to the tank;
and a regeneration/discharge flow rate adjustment de-
vice capable of adjusting a flow rate of the hydraulic fluid
flowing through the regeneration line and a flow rate of
the hydraulic fluid flowing through the discharge line.

Effects of the Invention

[0011] According to the present invention, it is possible
to regenerate the return hydraulic fluid at the time of both
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the boom raising operation and the boom lowering oper-
ation with a small number of valves, making it possible
to secure a satisfactory operability at the time of both the
boom raising operation and the boom lowering operation.

Brief Description of the Drawings

[0012]

Fig. 1 is a side view of a hydraulic excavator consti-
tuting a construction machine according to a first em-
bodiment of the present invention.
Fig. 2 is a schematic diagram illustrating a hydraulic
drive system constituting the construction machine
according to the first embodiment of the present in-
vention.
Fig. 3 is a characteristic diagram illustrating the
opening area characteristic of a regeneration control
valve constituting the construction machine accord-
ing to the first embodiment of the present invention.
Fig. 4 is a block diagram illustrating a controller con-
stituting the construction machine according to the
first embodiment of the present invention.
Fig. 5 is a characteristic diagram illustrating the
opening area characteristic of a discharge valve con-
stituting the construction machine according to the
first embodiment of the present invention.
Fig. 6 is a schematic diagram illustrating a hydraulic
drive system constituting a construction machine ac-
cording to a second embodiment of the present in-
vention.
Fig. 7 is a block diagram illustrating a controller con-
stituting the construction machine according to the
second embodiment of the present invention.
Fig. 8 is a schematic diagram illustrating a hydraulic
drive system constituting a construction machine ac-
cording to a third embodiment of the present inven-
tion.

Modes for Carrying Out the Invention

[0013] In the following, embodiments of the construc-
tion machine of the present invention will be described
with reference to the drawings.

[Embodiment 1]

[0014] Fig. 1 is a side view of a hydraulic excavator
constituting a construction machine according to a first
embodiment of the present invention, and Fig. 2 is a sche-
matic diagram illustrating a hydraulic drive system con-
stituting the construction machine according to the first
embodiment of the present invention.
[0015] In Fig. 1, a hydraulic excavator is equipped with
a lower track structure 201, an upper swing structure 202,
and a front work device 203. The lower track structure
201 has left and right crawler type track devices 201a,
201a (only one side of which is shown), which are driven

by left and right track motors 201b, 201b (only one side
of which is shown). An upper swing structure 202 is
swingably mounted on the lower track structure 201, and
is swingably driven by a swing motor 202a. The front
work device 203 is mounted to the front portion of the
upper swing structure 202 so as to be capable of being
elevated. The upper swing structure 202 is equipped with
a cab (operation room) 202b, and an operation device
described below is arranged inside the cab 202b.
[0016] The front work device 203 is of a multi-joint
structure having a boom 205 (first driven structure), an
arm 206 (second driven structure), and a bucket 207.
The boom 205 rotates in the vertical direction with respect
to the upper swing structure 202 through expansion and
contraction of a boom cylinder 3, which is a first hydraulic
actuator. The arm 206 rotates in the vertical direction and
the front-rear direction with respect to the boom 205
through expansion and contraction of an arm cylinder 7,
which is a second hydraulic actuator. The bucket 207
rotates in the vertical direction and the front-rear direction
with respect to the arm 206 through expansion and con-
traction of a bucket cylinder 208.
[0017] Fig. 2 shows a hydraulic drive system constitut-
ing the present embodiment. It only shows a system re-
lated to the boom cylinder 6 and the arm cylinder 7. This
hydraulic drive system is equipped with: variable dis-
placement type first hydraulic pump 1 and second hy-
draulic pump 2 driven by an engine (not shown); a boom
cylinder 6 (first hydraulic actuator) to which a hydraulic
fluid is supplied from at least one of the first hydraulic
pump 1 and the second hydraulic pump 2 and which
drives the boom 205 of the hydraulic excavator; an arm
cylinder 7 (second hydraulic actuator) to which the hy-
draulic fluid is supplied from at least one of the first hy-
draulic pump 1 and the return hydraulic fluid of the boom
cylinder 6 and which drives the arm 206 of the hydraulic
excavator; a control valve 3 controlling the flow (flow rate
and direction) of the hydraulic fluid supplied to the arm
cylinder 7 from the first hydraulic pump 1; a discharge
valve 4 controlling the flow (flow rate and direction) of the
hydraulic fluid supplied from the first hydraulic pump 1 to
the boom cylinder 6 and the discharge flow rate of the
return hydraulic fluid of the boom cylinder 6; a return hy-
draulic fluid selection valve 5 as a return hydraulic fluid
selection device controlling the flow (flow rate and direc-
tion) of the hydraulic fluid supplied from the second hy-
draulic pump 2 to the boom cylinder 6 and selecting the
supply source of the return hydraulic fluid of the boom
cylinder 6; a regeneration control valve 8 controlling the
regeneration flow rate and the discharge flow rate of the
return hydraulic fluid; a first operation device 9 outputting
an operation command for the boom 205 and switching
between the discharge valve 4 and the return hydraulic
fluid selection valve 5; and a second operation device 11
outputting an operation command for the arm 206 and
switching the control valve 3. The first hydraulic pump 1
and the second hydraulic pump 2 are also connected to
a control valve (not shown) so that the hydraulic fluid may
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be supplied to some other actuator (not shown). The cir-
cuit portions thereof, however, are omitted.
[0018] The first hydraulic pump 1 and the second hy-
draulic pump are of the variable displacement type, and
are respectively equipped with regulators 1a and 2a
which are delivery flow rate adjustment means. The reg-
ulators 1a and 2a are controlled by a control signal from
a controller 21 (described below), whereby the tilting an-
gles (volumes) of the first and second hydraulic pumps
1 and 2 are controlled, and the delivery flow rate is con-
trolled.
[0019] In a first main line 31 supplying the hydraulic
fluid delivered from the first hydraulic pump to the boom
cylinder 6 and the arm cylinder 7, there are arranged in
series from the upstream side the control valve 3 and the
discharge valve 4. In a second main line 32 supplying
the hydraulic fluid delivered from the second hydraulic
pump 2 to the boom cylinder 6, there is arranged the
return hydraulic fluid selection valve 5. In the first main
line 31, there is provided a pressure sensor 18 as a sec-
ond pressure detection device detecting the pressure of
the hydraulic fluid delivered by the first hydraulic pump.
A delivery pressure signal of the first hydraulic pump de-
tected by the pressure sensor 18 is inputted to the con-
troller 21.
[0020] The control valve 3 is a 3-position/6-port switch-
ing control valve. By a pilot pressure supplied to both
operation portions 3x and 3y thereof, the control valve
position is switched to vary the opening area of the hy-
draulic working fluid passage. Through this operation,
the direction and flow rate of the hydraulic working fluid
supplied from the first hydraulic pump 1 to the arm cyl-
inder 7 are controlled to drive the arm cylinder 7. The
control valve 3 has an inlet port 3c to which the hydraulic
fluid from the first hydraulic pump 1 is supplied, an outlet
port 3d communicating with the hydraulic working fluid
tank 30, a center port 3T allowing communication when
at a neutral position, and connection ports 3a and 3b
connected to the arm cylinder 7 side. It is a center bypass
type valve, which guides the hydraulic fluid from the first
hydraulic pump 1 to the hydraulic working fluid tank 30
when at the neutral position. The line connecting the first
main line 31 and the inlet port 3c is provided with a check
valve 15 preventing back flow to the first hydraulic pump
1.
[0021] The discharge valve 4 is a 3-position/7-port
switching control valve, and the return hydraulic fluid se-
lection valve 5 is a 3-position/6-port switching control
valve. By the pilot pressure supplied to both operation
portions 4x and 5x, and 4y and 5y, the control valve po-
sitions are switched, and the opening areas of the hy-
draulic lines of the hydraulic working fluid are varied.
More specifically, when the pilot pressure is supplied to
the operation portions 4y and 5y, the discharge valve 4
moves to the left, and the return hydraulic fluid selection
valve 5 moves to the right, with each valve being switched
to the position A. Conversely, when the pilot pressure is
supplied to the operation portions 4x and 5x, the dis-

charge valve 4 moves to the right, and the return hydraulic
fluid selection valve 5 moves to the left, with each valve
being switched to the position B. Through these opera-
tions, the direction and flow rate of the hydraulic working
fluid supplied to the boom cylinder 6 from at least one of
the first hydraulic pump 1 and the second hydraulic pump
2 are controlled to drive the boom cylinder 6.
[0022] The return hydraulic fluid selection valve 5 has
an inlet port 5c to which the hydraulic fluid from the sec-
ond hydraulic pump 2 is supplied, a connection port 5d
communicating with a communication line 23 described
below, a center port 5T communicating when at the neu-
tral position, and connection ports 5a and 5b connected
to the boom cylinder 6 side. It is a center bypass type
valve, which guides the hydraulic fluid from the second
hydraulic pump 2 to the hydraulic working fluid tank 30
when at the neutral position. The line connecting the sec-
ond main line 32 and the inlet port 5c is provided with a
check valve 12 preventing back flow to the second hy-
draulic pump 2. The inner hydraulic line establishing com-
munication from the connection port 5a to the connection
port 5d when the return hydraulic fluid selection valve 5
is at the position A is provided with a restrictor.
[0023] The discharge valve 4 has an inlet port 4c to
which the hydraulic fluid from the first hydraulic pump 1
is supplied, an outlet port 4d communicating with the hy-
draulic working fluid tank 30, a connection port 4e com-
municating with a communication line 23 described be-
low, a center port 4T communicating when at the neutral
position, and connection ports 4a and 4b connected to
the boom cylinder 6 side. It is a center bypass type valve,
which guides the hydraulic fluid from the first hydraulic
pump 1 to the hydraulic working fluid tank 30 when at the
neutral position. The line connecting the first main line
31 and the inlet port 4c is provided with a check valve 13
preventing back flow to the first hydraulic pump 1. A re-
strictor is provided in the inner hydraulic line establishing
communication from the connection port 4e to the con-
nection port 4a when the discharge valve 4 is at the po-
sition A. Further, one end side of the communication line
23 is connected to the connection port 4e, and the con-
nection port 5d of the return hydraulic fluid selection valve
5 is connected to the other end side of the communication
line 23 via the regeneration control valve 8.
[0024] The boom cylinder 6 has a cylinder and a piston
rod, and the cylinder is equipped with a bottom side hy-
draulic fluid chamber 6a and the rod side hydraulic fluid
chamber 6b. One end side of the first line 33 is connected
to the bottom side hydraulic fluid chamber 6a, and the
other end side of the first line 33 is connected to the con-
nection port 4a of the discharge valve 4 and to the con-
nection port 5a of the return hydraulic fluid selection valve
5. One end side of the second line 34 is connected to the
rod side hydraulic fluid chamber 6b, and the other end
side of the second line 34 is connected to the connection
port 4b of the discharge valve 4 and to the connection
port 5b of the return hydraulic fluid selection valve 5. The
first line 33 is provided with a pressure sensor 17 as a

5 6 



EP 3 358 200 A1

5

5

10

15

20

25

30

35

40

45

50

55

first pressure detection device detecting the pressure of
the bottom side hydraulic fluid chamber 6a of the boom
cylinder 6. The pressure signal of the boom cylinder bot-
tom side hydraulic fluid chamber 6a detected by the pres-
sure sensor 17 is inputted to the controller 21.
[0025] The arm cylinder 7 has a cylinder and a piston
rod, and the cylinder is equipped with a bottom side hy-
draulic fluid chamber 7a and a rod side hydraulic fluid
chamber 7b. One end side of the third line 35 is connected
to the bottom side hydraulic fluid chamber 7a, and the
other end side of the third line 35 is connected to the
connection port 3a of the control valve 3. One end side
of the fourth line 36 is connected to the rod side hydraulic
fluid chamber 7b, and the other end side of the fourth line
36 is connected to the connection port 3b of the control
valve 3.
[0026] The communication line 23 as the discharge line
discharges the return hydraulic fluid from the bottom side
hydraulic fluid chamber 6a of the boom cylinder 6 to the
hydraulic working fluid tank 30 from the return hydraulic
fluid selection valve 5 via the discharge valve 4. At the
intermediate portion of the communication line 23, there
is provided a regeneration control valve 8 switching be-
tween the discharge and regeneration of the return hy-
draulic fluid. The regeneration control valve 8 is 2-posi-
tion/3-port solenoid proportional valve, and is equipped
with an operation portion receiving a command from the
controller 21, a spool portion, and a spring portion. Con-
nected to two ports (one outlet port and an inlet port) of
the regeneration control valve 8 is the communication
line 23, and one end side of a regeneration line 24 is
connected to one port thereof (the other outlet port). The
other end side of the regeneration line 24 is connected
to the inlet port 3c of the control valve 3 via the check
valve 16 solely allowing outflow from the regeneration
line 24.
[0027] When there is no command signal from the con-
troller 21, the regeneration control valve 8 places the
spool at the communicating position by a spring. Since
the communication line 23 establishes communication,
the return hydraulic fluid from the boom cylinder 6 is sup-
plied to the discharge valve 4 and can be discharged to
the hydraulic working fluid tank 30. On the other hand,
by moving the spool by a command signal from the con-
troller 21, the amount of the return hydraulic fluid dis-
charged to the hydraulic working fluid tank 30 is reduced,
and the regeneration flow rate supplied to the control
valve 3 via the regeneration line 24 is adjusted.
[0028] The first operation device 9 is equipped with an
operation lever and a pilot valve 9a, and the pilot valve
9a generates a pilot pressure in accordance with the op-
eration amount of the operation lever tilting operation.
From the first operation device 9, there extends a pilot
line indicated by a dashed line, and is connected to the
operation portions 4x, 4y, 5x, and 5y of the discharge
valve 4 and the return hydraulic fluid selection valve 5.
When the operation lever is operated to the boom raising
side, there is generated a boom raising pilot pressure Pu

in accordance with the operation amount of the operation
lever. This boom raising pilot pressure Pu is supplied to
the operation portion 4x of the discharge valve 4 and to
the operation portion 5x of the return hydraulic fluid se-
lection valve 5. In accordance with this pilot pressure,
the discharge valve 4 is switched to the boom raising
direction (the position on the left-hand side as seen in
the drawing), and the return hydraulic fluid selection valve
5 is switched to the boom raising direction (the position
on the right-hand side as seen in the drawing). Similarly,
when the operation lever is operated to the boom lower-
ing side, there is generated a boom lowering pilot pres-
sure Pd in accordance with the operation amount of the
operation lever. This boom lowering pilot pressure Pd is
supplied to the operation portion 4y of the discharge valve
4 and to the operation portion 5y of the return hydraulic
fluid selection valve 5. In accordance with this pilot pres-
sure, the discharge valve 4 is switched to the boom low-
ering direction (the position on the right-hand side as
seen in the drawing), and the return hydraulic fluid se-
lection valve 5 is switched to the boom lowering direction
(the position on the left-hand side as seen in the drawing).
[0029] The second operation device 10 is equipped
with an operation lever and a pilot valve 10a, and the
pilot valve 10a generates a pilot pressure in accordance
with the operation amount of the operation lever tilting
operation. From the second operation device 10, there
extends a pilot line indicated by a dashed line, and is
connected to the operation portions 3x and 3y of the con-
trol valve 3. When the operation lever is operated to the
crowding side, there is generated a crowding pilot pres-
sure Pc in accordance with the operation amount of the
operation lever. This crowding pilot pressure Pc is sup-
plied to the operation portion 3x of the control valve 3,
and, in accordance with this pilot pressure, the control
valve 3 is switched to the crowding direction (the position
on the left-hand side as seen in the drawing). Similarly,
when the operation lever is operated to the dumping side,
there is generated a dumping pilot pressure Pd in ac-
cordance with the operation amount of the operation le-
ver. This dumping pilot pressure Pd is supplied to the
operation portion 3y of the control valve 3, and, in ac-
cordance with this pilot pressure, the control valve 3 is
switched to the dumping direction (the position on the
right-hand side as seen in the drawing).
[0030] The boom lowering pilot line and the boom rais-
ing pilot line are provided with a pressure sensor 19 de-
tecting the boom lowering pilot pressure Pd and a pres-
sure sensor 25 detecting the boom raising pressure Pu.
The pressure signals detected by these pressure sensors
19 and 25 are inputted to the controller 21. Similarly, the
arm crowding pilot line and the arm dumping pilot line
are provided with a pressure sensor 26 detecting the arm
crowding pilot pressure Pc and a pressure sensor 20
detecting the arm dumping pilot pressure Pd. The pres-
sure signals detected by these pressure sensors 26 and
20 are inputted to the controller 21.
[0031] The controller 21 inputs detection signals 118,
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119, 120, 125, and 126 from the pressure sensors 18,
19, 20, 25, and 26, and performs a predetermined com-
putation based on these signals, outputting a control
command to the regeneration control valve 8.
[0032] It is noted here that the pressure sensor 19 and
the pressure sensor 25 are first operation amount sen-
sors capable of detecting the operation amount of the
first operation device 9, and the pressure sensor 26 and
the pressure sensor 20 are second operation amount
sensors capable of detecting the operation amount of the
second operation device 10.
[0033] The regeneration control valve 8 is operated by
a control command from the controller 21. More specifi-
cally, its stroke is controlled by an electric signal supplied
to the operation portion, so that the opening degree
(opening area) is controlled.
[0034] Fig. 3 is a characteristic diagram illustrating the
opening area characteristic of the regeneration control
valve constituting the construction machine according to
the first embodiment of the present invention. The hori-
zontal axis in Fig. 3 indicates the spool stroke of the re-
generation control valve 8, and the vertical axis indicates
the opening area thereof.
[0035] In Fig. 3, when the spool stroke is minimum
(when it is at the normal position), the discharge side
passage is open and the opening area is maximum, while
the regeneration side passage is closed and the opening
area is zero. When the stroke is gradually increased, the
opening area of the discharge side passage is gradually
reduced, and the regeneration side passage is opened,
with the opening area gradually increasing. When the
stroke is further increased, the discharge side passage
is closed (the opening area is reduced to zero), and the
opening area of the regeneration side passage is further
increased. As a result of this construction, when the spool
stroke is minimum, the hydraulic fluid discharged from
the boom cylinder 6 is not regenerated, and the total
amount flows to the discharge valve 4 side. When the
stroke is gradually moved upwards, a portion of the hy-
draulic fluid discharged from the boom cylinder 6 flows
into the regeneration line 24. Further, , the opening area
of the discharge side passage and that of the regenera-
tion line 24 can be varied by adjusting the stroke, so that
the regeneration flow rate can be controlled.
[0036] In the present embodiment, a regeneration/dis-
charge flow rate adjustment device which makes it pos-
sible to adjust the flow rate of the hydraulic fluid flowing
through the regeneration line 24 and the flow rate of the
hydraulic fluid flowing through the communication line 23
as the discharge line connected to the hydraulic working
fluid tank 30 is constituted by the discharge valve 4, the
return hydraulic fluid selection valve 5, and the regener-
ation control valve 8.
[0037] Next, an operation of the construction machine
according to the aforementioned first embodiment of the
present invention will be described. First, the boom rais-
ing operation by the operator will be described.
[0038] In Fig. 2, when the boom raising operation is

conducted by the operation lever of the first operation
device 9, the boom raising pilot pressure Pu generated
by the pilot valve 9a is supplied to the operation portion
4x of the discharge valve 4 and the operation portion 5x
of the return hydraulic fluid selection valve 5. Accordingly,
the discharge valve 4 moves to the right, and the return
hydraulic fluid selection valve 5 moves to the left, with
each valve being switched to the position B.
[0039] As a result, the hydraulic fluid from the first hy-
draulic pump 1 is supplied from the inlet port 4c of the
discharge valve 4 to the bottom side hydraulic fluid cham-
ber 6a of the boom cylinder 6 via the inner hydraulic line,
the connection port 4a, and the first line 33. The hydraulic
fluid from the second hydraulic pump 2 is supplied from
the inlet port 5c of the return hydraulic fluid selection valve
5 to the bottom side hydraulic fluid chamber 6a of the
boom cylinder 6 via the inner hydraulic line, the connec-
tion port 5a, and the first line 33.
[0040] On the other hand, the return hydraulic fluid dis-
charged from the rod side hydraulic fluid chamber 6b of
the boom cylinder 6 flows into the communication line 23
via the second line 34, the connection port 5b of the return
hydraulic fluid selection valve 5, the inner hydraulic line,
and the connection port 5d. The hydraulic fluid having
flowed in is discharged from the connection port 4e of
the discharge valve 4 to the hydraulic working fluid tank
30 via a restrictor provided in the inner hydraulic line and
the outlet port 4d. In this way, the hydraulic fluid from the
first hydraulic pump 1 and the second hydraulic pump 2
flows into the bottom side hydraulic fluid chamber 6a of
the boom cylinder 6, and, at the same time, the hydraulic
fluid in the rod side hydraulic fluid chamber 6b is dis-
charged to the hydraulic working fluid tank 30 via the
return hydraulic fluid selection valve 5 and the discharge
valve 4. As a result, the piston rod of the boom cylinder
6 expands, and the boom moves in the raising direction.
[0041] Next, the arm crowding operation by the oper-
ator will be described.
[0042] In Fig. 2, when the arm crowding operation is
conducted by the operation lever of the second operation
device 10, the arm crowding pilot pressure Pc generated
from the pilot valve 10a is supplied to the operation por-
tion 3x of the control valve 3. Through this operation, the
control valve 3 moves to the right, and is switched to the
position B.
[0043] As a result, the hydraulic fluid from the first hy-
draulic pump 1 is supplied from the inlet port 3c of the
control valve 3 to the bottom side hydraulic fluid chamber
7a of the arm cylinder 7 via the inner hydraulic line, the
connection port 3a, and the third line 35.
[0044] On the other hand, the return hydraulic fluid dis-
charged from the rod side hydraulic fluid chamber 7b of
the arm cylinder 7 is discharged to the hydraulic working
fluid tank 30 via the fourth line 36, the connection port 3b
of the control valve 3, the inner hydraulic line, and the
outlet port 3d. In this way, the hydraulic fluid from the first
hydraulic pump 1 flows into the bottom side hydraulic
fluid chamber 7a of the arm cylinder 7, and, at the same
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time, the hydraulic fluid in the rod side hydraulic fluid
chamber 7b is discharged to the hydraulic working fluid
tank 30 via the control valve 3. As a result, the piston rod
of the arm cylinder 7 expands, and the arm moves in the
crowding direction.
[0045] Next, described will be the operation in which
the boom raising operation and the arm crowding oper-
ation are simultaneously conducted by the operator and
in which the return hydraulic fluid from the boom cylinder
6 is regenerated in the arm cylinder 7. When regenerating
the return hydraulic fluid from the boom cylinder 6 in the
arm cylinder 7, in addition to the boom raising operation
and the arm crowding operation described above, the
regeneration control valve 8 is controlled by the controller
21. The operation of the first hydraulic pump 1, the sec-
ond hydraulic pump 2, the control valve 3, the discharge
valve 4, and the return hydraulic fluid selection valve 5
is the same as that described above, so a detailed de-
scription thereof will be omitted.
[0046] When the boom raising operation is performed
by the operation lever of the first operation device 9, the
boom raising pilot pressure Pu generated from the pilot
valve 9a is detected by the pressure sensor 25, and is
inputted to the controller 21. When the arm crowding op-
eration is performed by the operation lever of the second
operation device 10, the arm crowding pilot pressure Pc
generated from the pilot valve 10a is detected by the
pressure sensor 26, and is inputted to the controller 21.
The delivery pressure of the first hydraulic pump 1 is de-
tected by the pressure sensor 18, and is inputted to the
controller 21.
[0047] Based on the input signals, the controller 21 cal-
culates a command signal to the regeneration control
valve 8, and controls the opening degree stroke of the
regeneration control valve 8. By controlling the opening
stroke of the regeneration control valve 8, the return hy-
draulic fluid discharged from the rod side hydraulic fluid
chamber 6b of the boom cylinder 6 and having flowed
into the communication line 23 from the connection port
5b of the return hydraulic fluid selection valve 5 via the
inner hydraulic line and the connection port 5d flows into
the regeneration line 24 via the regeneration control valve
8. The return hydraulic fluid having flowed into the regen-
eration line 24 flows into the inlet port 3c of the control
valve 3 via the check valve 16. As a result, the return
hydraulic fluid from the boom cylinder 6 having flowed
into the communication line 23 flows to the delivery side
of the first hydraulic pump via the regeneration control
valve 8, and is regenerated in the arm cylinder 7 via the
control valve 3. The return hydraulic fluid of the boom
cylinder 6 is regenerated in the bottom side hydraulic
fluid chamber 7a of the arm cylinder 7, so that the arm
cylinder 7 can be operated efficiently.
[0048] Next, the boom lowering operation by the oper-
ator will be described.
[0049] In Fig. 2, when the boom lowering operation is
conducted by the operation lever of the first operation
device 9, the boom lowering pilot pressure Pd generated

by the pilot valve 9a is supplied to the operation portion
4y of the discharge valve 4 and the operation portion 5y
of the return hydraulic fluid selection valve 5. Accordingly,
the discharge valve 4 moves to the left, and the return
hydraulic fluid selection valve 5 moves to the right, with
each valve being switched to the position A.
[0050] As a result, the hydraulic fluid from the first hy-
draulic pump 1 is supplied from the inlet port 4c of the
discharge valve 4 to the rod side hydraulic fluid chamber
6b of the boom cylinder 6 via the inner hydraulic line, the
connection port 4b, and the second line 34. The hydraulic
fluid from the second hydraulic pump 2 is supplied from
the inlet port 5c of the return hydraulic fluid selection valve
5 to the rod side hydraulic fluid chamber 6b of the boom
cylinder 6 via the inner hydraulic line, the connection port
5b, and the second line 34.
[0051] On the other hand, the return hydraulic fluid dis-
charged from the bottom side hydraulic fluid chamber 6a
of the boom cylinder 6 flows into the communication line
23 via the first line 33, the connection port 5a of the return
hydraulic fluid selection valve 5, the inner hydraulic line,
and the connection port 5d. The hydraulic fluid having
flowed in is discharged from the connection port 4e of
the discharge valve 4 to the hydraulic working fluid tank
30 via a restrictor provided in the inner hydraulic line and
the outlet port 4d. In this way, the hydraulic fluid from the
first hydraulic pump 1 and the second hydraulic pump 2
flows into the rod side hydraulic fluid chamber 6b of the
boom cylinder 6, and, at the same time, the hydraulic
fluid in the bottom side hydraulic fluid chamber 6a is dis-
charged to the hydraulic working fluid tank 30 via the
return hydraulic fluid selection valve 5 and the discharge
valve 4. As a result, the piston rod of the boom cylinder
6 contracts, and the boom moves in the lowering direc-
tion.
[0052] Next, the arm dumping operation by the oper-
ator will be described.
[0053] In Fig. 2, when the arm dumping operation is
conducted by the operation lever of the second operation
device 10, the arm dumping pilot pressure Pd generated
from the pilot valve 10a is supplied to the operation por-
tion 3y of the control valve 3. Through this operation, the
control valve 3 moves to the left, and is switched to the
position A.
[0054] As a result, the hydraulic fluid from the first hy-
draulic pump 1 is supplied from the inlet port 3c of the
control valve 3 to the rod side hydraulic fluid chamber 7b
of the arm cylinder 7 via the inner hydraulic line, the con-
nection port 3b, and the fourth line 36.
[0055] On the other hand, the return hydraulic fluid dis-
charged from the bottom side hydraulic fluid chamber 7a
of the arm cylinder 7 is discharged to the hydraulic work-
ing fluid tank 30 via the third line 35, the connection port
3a of the control valve 3, the inner hydraulic line, and the
outlet port 3d. In this way, the hydraulic fluid from the first
hydraulic pump 1 flows into the rod side hydraulic fluid
chamber 7b of the arm cylinder 7, and, at the same time,
the hydraulic fluid in the bottom side hydraulic fluid cham-
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ber 7a is discharged to the hydraulic working fluid tank
30 via the control valve 3. As a result, the piston rod of
the arm cylinder 7 contracts, and the arm moves in the
dumping direction.
[0056] Next, described will be the operation in which
the boom lowering operation and the arm dumping op-
eration are simultaneously conducted by the operator
and in which the return hydraulic fluid from the boom
cylinder 6 is regenerated in the arm cylinder 7. When
regenerating the return hydraulic fluid from the boom cyl-
inder 6 in the arm cylinder 7, in addition to the boom
lowering operation and the arm dumping operation de-
scribed above, the regeneration control valve 8 is con-
trolled by the controller 21. The operation of the first hy-
draulic pump 1, the second hydraulic pump 2, the control
valve 3, the discharge valve 4, and the return hydraulic
fluid selection valve 5 is the same as that described
above, so a detailed description thereof will be omitted.
[0057] When the boom lowering operation is per-
formed by the operation lever of the first operation device
9, the boom lowering pilot pressure Pd generated from
the pilot valve 9a is detected by the pressure sensor 19,
and is inputted to the controller 21. When the arm dump-
ing operation is performed by the operation lever of the
second operation device 10, the arm dumping pilot pres-
sure Pd generated from the pilot valve 10a is detected
by the pressure sensor 20, and is inputted to the controller
21. The delivery pressure of the first hydraulic pump 1 is
detected by the pressure sensor 18, and inputted to the
controller 21. Further, the pressure of the bottom side
hydraulic fluid chamber 6a of the boom cylinder 6 is de-
tected by the pressure sensor 17, and inputted to the
controller 21.
[0058] Based on the input signals, the controller 21 cal-
culates a command signal to the regeneration control
valve 8, and controls the opening degree stroke of the
regeneration control valve 8. By controlling the opening
stroke of the regeneration control valve 8, the return hy-
draulic fluid discharged from the bottom side hydraulic
fluid chamber 6a of the boom cylinder 6 having flowed
into the communication line 23 from the connection port
5a of the return hydraulic fluid selection valve 5 via the
connection port 5d flows into the regeneration line 24 via
the regeneration control valve 8. The return hydraulic flu-
id, having flowed into the regeneration line 24, flows into
the inlet port 3c of the control valve 3 via the check valve
16. As a result, the return hydraulic fluid from the boom
cylinder 6 having flowed into the communication line 23
flows to the delivery side of the first hydraulic pump via
the regeneration control valve 8, and is regenerated in
the arm cylinder 7 via the control valve 3. The return
hydraulic fluid of the boom cylinder 6 is regenerated in
the rod side hydraulic fluid chamber 7b of the arm cylinder
7, so that the speed of the arm cylinder 7 can be in-
creased. Further, the flow rate of the first hydraulic pump
1 can be suppressed by controlling the regulator 1a of
the first hydraulic pump 1, so that the output power of the
drive apparatus is suppressed, and energy saving can

be achieved.
[0059] As described above, in the present embodi-
ment, the regeneration/discharge flow rate adjustment
device making it possible to control the return hydraulic
fluid at the time of boom raising or of boom lowering on
the regeneration side or on the discharge side can be
constituted by minimum requisite three valves of the re-
turn hydraulic fluid selection valve 5, the regeneration
control valve 8, and the discharge valve 4. Further, the
flow rate on the regeneration side is adjustable by the
regeneration control valve 8, and the flow rate on the
discharge side is adjustable by the discharge valve 4, so
that a satisfactory operability can be secured.
[0060] Next, a method of controlling the regeneration
control valve 8 executed by the controller 21 will be de-
scribed with reference to Figs. 4 and 5. Fig. 4 is a block
diagram illustrating a controller constituting the construc-
tion machine according to the first embodiment of the
present invention, and Fig. 5 is a characteristic diagram
illustrating the opening area characteristic of a discharge
valve constituting the construction machine according to
the first embodiment of the present invention. In Figs. 4
and 5, the components that are the same as those in
Figs. 1 through 3 are indicated by the same reference
numerals, and a detailed description thereof will be omit-
ted.
[0061] As shown in Fig. 4, the controller 21 has a func-
tion generator 133, a function generator 134, a subtracter
135, a function generator 136, a function generator 137,
a multiplier 138, a multiplier 138, a function generator
139, a function generator 140, a multiplier 141, a multi-
plier 142, a multiplier 143, a maximum value selector
144, and an output conversion section 146.
[0062] In Fig. 4, a detection signal 119 is a signal (lever
operation signal) obtained through detection, by the pres-
sure sensor 19, of the operation pilot pressure Pd in the
boom lowering direction of the operation lever of the first
operation device 9; a detection signal 120 is a signal (le-
ver operation signal) obtained through detection, by the
pressure sensor 20, of the operation pilot pressure Pd in
the arm dumping direction of the operation lever of the
second operation device 10; a detection signal 117 is a
signal (bottom pressure signal) obtained through detec-
tion, by the pressure sensor 17, of the pressure in the
bottom side hydraulic fluid chamber 6a (the pressure in
the first line 33) of the boom cylinder 6; and a detection
signal 118 is a signal (pump pressure) signal obtained
through detection, by the pressure sensor 18, of the de-
livery pressure of the first hydraulic pump 1 (the pressure
in the first main line 31). Further, a detection signal 125
is a signal (lever operation signal) obtained through de-
tection, by the pressure sensor 25, of the operation pilot
pressure Pu in the boom raising direction of the operation
lever of the first operation device 9; and a detection signal
126 is a signal (lever operation signal) obtained through
detection, by the pressure sensor 26, of the operation
pilot pressure Pc in the arm crowding direction of the
operation lever of the second operation device 10.

13 14 



EP 3 358 200 A1

9

5

10

15

20

25

30

35

40

45

50

55

[0063] The function generator 133 calculates the open-
ing area on the regeneration side of the regeneration
control valve 8 in accordance with the boom lowering
lever operation signal 119, and its characteristic is set
based on the opening area characteristic of the regen-
eration control valve 8 shown in Fig. 3. The output of the
function generator 133 is inputted to the multiplier 138.
The horizontal axis in Fig. 3 indicates the spool stroke of
the regeneration control valve 8, and the vertical axis
indicates the opening area. In Fig. 3, when the spool
stroke is minimum, the discharge side passage is open,
and the opening area on the regeneration side is closed,
so that no regeneration is effected. When the stroke is
gradually increased, the opening area of the discharge
side passage is gradually reduced, and the regeneration
side passage is opened and the opening area is gradually
increased, so that the hydraulic fluid discharged from the
boom cylinder 6 flows into the regeneration line 24. Fur-
ther, the opening area on the regeneration side can be
varied by adjusting the stroke, so that the regeneration
flow rate can be controlled.
[0064] In other words, in the case where the boom low-
ering lever operation signal 119 is large, control is effect-
ed such that the stroke of the regeneration control valve
8 is increased to enlarge the opening area on the regen-
eration side, causing the regeneration flow rate to be
high. It is desirable to adjust the table of the function
generator 133 such that the flow rate of the return hy-
draulic fluid discharged from the bottom side hydraulic
fluid chamber 6a of the boom cylinder 6 is equivalent to
that in the case where no regeneration is effected.
[0065] Referring back to Fig. 4, the function generator
134 calculates the coefficient used in the multiplier in
accordance with the arm dumping lever operation signal
120. The function generator 134 outputs 0 as the mini-
mum value while the lever operation signal 120 ranges
from 0 to a previously set value, and outputs 1 as the
maximum value when the lever operation signal exceeds
the set value. The output of the function generator 134
is inputted to the multiplier 138.
[0066] The multiplier 138 inputs the opening area cal-
culated by the function generator 133 and the coefficient
calculated by the function generator 134, and outputs the
multiplication value as the opening area. The output of
the multiplier 138 is inputted to the multiplier 142.
Through this computation, even if the boom lowering le-
ver operation signal 119 has been inputted, if the arm
dumping lever operation signal 120 has not been input-
ted, the output from the multiplier 138 is 0, and the re-
generation control valve 8 remains at the stroke 0. This
computation is performed in order to prevent the supply
destination for the return hydraulic fluid from being lost
in the case where even though the boom lowering oper-
ation has been performed, the arm dumping operation
has not been performed and where the control valve 3
is in the neutral state, and no regeneration can be per-
formed.
[0067] The subtracter 135 inputs the bottom pressure

signal 117 and the pump pressure signal 118, calculates
the differential pressure, and outputs the differential pres-
sure signal to the function generator 139.
[0068] The function generator 139 calculates the co-
efficient used by the multiplier in accordance with the
differential pressure calculated by the subtracter 135.
The function generator 139 outputs 0 as the minimum
value while the differential pressure ranges from 0 to a
previously set value, and outputs 1 as the maximum value
when the differential pressure exceeds the set value. The
output of the function generator 139 is inputted to the
multiplier 142.
[0069] The multiplier 142 inputs the opening area cal-
culated by the multiplier 138 and the coefficient calculat-
ed by the function generator 139, and outputs the multi-
plication value as the opening area. The output of the
multiplier 142 is inputted to the maximum value selector
144. Through this computation, the opening area of the
regeneration control valve 8 is calculated by the function
generator 133 as follows: when the differential pressure
is lower than the set value, it is determined that regen-
eration is impossible, and there is generated a signal
setting the opening area on the regeneration side to 0.
On the other hand, when the differential pressure is high-
er than the set value, it is determined that regeneration
is possible, and computation is performed such that the
opening area on the regeneration side equals to the value
outputted from the function generator 133.
[0070] When the stroke of the regeneration control
valve 8 is 0, the discharge side is totally open. The return
hydraulic fluid is supplied to the discharge valve 4, and
properly undergoes throttle control by the discharge
valve 4. Fig. 5 shows the opening area characteristic of
the discharge valve 4. In Fig. 5, the horizontal axis indi-
cates the stroke of the discharge valve 4, and the vertical
axis indicates the opening area. When the boom raising
pilot pressure Pu or the boom lowering pilot pressure Pd
is inputted to the operation portions 4x and 4y of the dis-
charge valve 4, the stroke increases in accordance with
the pilot pressure. Thus, this is of a characteristic in which
the opening area increases as the pilot pressure rises,
and the return hydraulic fluid having flowed into the dis-
charge valve 4 undergoes proper throttle control in ac-
cordance with the lever operation amount. The discharge
valve 4 has the two operation portions 4x and 4y, each
of which independently allows characteristic setting.
[0071] Referring back to Fig. 4, the function generator
136 calculates the opening area on the regeneration side
of the regeneration control valve 8 in accordance with
the boom raising lever operation signal 125. In the case
where the boom raising lever operation signal 125 is
large, the stroke of the regeneration control valve 8 is
increased to enlarge the opening area on the regenera-
tion side, effecting control such that the regeneration flow
rate is high. The output of the function generator 136 is
inputted to the multiplier 141.
[0072] The function generator 137 calculates the co-
efficient used in the multiplier in accordance with the arm
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crowding lever operation signal 126. The function gen-
erator 137 outputs 0 as the minimum value while the lever
operation signal 126 ranges from 0 to a previously set
value, and outputs 1 as the maximum value when the
lever operation signal exceeds the set value. The output
of the function generator 137 is inputted to the multiplier
141.
[0073] The multiplier 141 inputs the opening area cal-
culated by the function generator 136 and the coefficient
calculated by the function generator 137, and outputs the
multiplication value as the opening area. The output of
the multiplier 141 is inputted to the multiplier 143.
Through this computation, even if the boom raising lever
operation signal 125 has been inputted, if the arm crowd-
ing lever operation signal 126 has not been inputted, the
output from the multiplier 141 is 0, and the regeneration
control valve 8 remains at the stroke 0. This computation
is performed in order to prevent the supply destination
for the return hydraulic fluid from being lost in the case
where even though the boom raising operation has been
performed, the arm crowding operation has not been per-
formed and where the control valve 3 is in the neutral
state, and no regeneration can be performed.
[0074] The function generator 140 calculates the co-
efficient used in the multiplier in accordance with the
pump pressure signal 118. The function generator 140
outputs 0 as the minimum value while the pump pressure
signal 118 ranges from 0 to a previously set value, and
outputs 1 as the maximum value when the pump pressure
signal 118 exceeds the set value. The output of the func-
tion generator 140 is inputted to the multiplier 143.
[0075] The multiplier 143 inputs the opening area cal-
culated by the multiplier 141 and the coefficient calculat-
ed by the function generator 140, and outputs the multi-
plication value as the opening area. The output of the
multiplier 143 is inputted to the maximum value selector
144. This computation is performed in order to regener-
ate the return hydraulic fluid of the rod side hydraulic fluid
chamber 6b in the arm cylinder 7 solely when an exca-
vation reaction force acts on the boom cylinder 6, and
the rod side hydraulic fluid chamber 6b of the boom cyl-
inder 6 attains high pressure. In the present embodiment,
the determination of this excavation state is based on the
pump pressure signal 118. Only when the pump pressure
signal is of high pressure, control is performed so as to
connect the regeneration control valve 8 to the regener-
ation line 24 in accordance with the output of the multiplier
141.
[0076] In the case of a low load work as in the case of
leveling in the air, it is more desirable for the boom raising
return hydraulic fluid to be discharged to the hydraulic
working fluid tank 30 than to be regenerated in the arm
cylinder 7. This helps to reduce the pressure loss and to
improve efficiency. Thus, in the present embodiment, the
function generator 140 outputs 0 when the pump pres-
sure signal 118 is equal to or lower than the set value,
the multiplier 143 outputs 0 independently of the output
of the multiplier 141, and the regeneration control valve

8 is not controlled, whereby control is performed so as
to guide the return hydraulic fluid to the discharge valve
4 and to reduce the unnecessary loss. The determination
of the time of excavation may be based on the pressure
signal of the bottom side hydraulic fluid chamber 7a of
the arm cylinder 7 or the pressure signal of the rod side
hydraulic fluid chamber 6b of the boom cylinder 6.
[0077] The maximum value selector 144 inputs the out-
put of the multiplier 142 and the output of the multiplier
143, and outputs the maximum value of them. The output
of the maximum value selector 144 is inputted to the out-
put conversion section 146. Normally, in the present em-
bodiment, one of the output of the multiplier 142 and the
output of the multiplier 143 is always 0. This is due to the
fact that the boom raising operation and the boom low-
ering operation cannot be performed simultaneously,
and that one of the function generators 133 and 136 is
always 0. This also applies to the relationship between
the arm crowding operation and the arm dumping oper-
ation. The maximum value selector 144 calculates the
requisite regeneration side opening area of the regener-
ation control valve 8 for the boom raising operation or
the boom lowering operation.
[0078] The output conversion section 146 performs
output conversion of the inputted regeneration side open-
ing area of the regeneration control valve 8, and outputs
it as a solenoid valve command 108A which is a control
command to the regeneration control valve 8. Through
this operation, the regeneration side opening area of the
regeneration control valve 8 is controlled to a desired
value.
[0079] Next, the operation of the controller 21 will be
described.
[0080] When the lever operation signal 119 for the
boom lowering operation is inputted, the function gener-
ator 133 calculates the regeneration side opening area
signal of the regeneration control valve 8, and outputs it
to the multiplier 138. When the lever operation signal 120
for the arm dumping operation is inputted, the function
generator 134 outputs 1 to the multiplier 138 when the
arm dumping operation is on and regeneration is possi-
ble. When regeneration is impossible, the function gen-
erator 134 outputs 0 to the multiplier 138. The multiplier
138 corrects the opening area signal of the regeneration
control valve 8 outputted from the function generator 133,
and outputs it to the multiplier 142.
[0081] The subtracter 135 inputs the bottom pressure
signal 117 and the pump pressure signal 118, and cal-
culate a differential pressure signal. The function gener-
ator 139 inputs the differential pressure signal, and de-
termines whether or not regeneration is possible. When
regeneration is possible, the function generator 139 out-
puts 1 to the multiplier 142, and when regeneration is
impossible, it outputs 0 to the multiplier 142. The multi-
plier 142 corrects the opening area signal of the regen-
eration control valve 8 outputted from the function gen-
erator 133, and outputs it to the maximum value selector
144.
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[0082] When the lever operation signal 125 for the
boom raising operation is inputted, the function generator
136 calculates the regeneration side opening area signal
of the regeneration control valve 8, and outputs it to the
multiplier 141. When the lever operation signal 126 for
the arm crowding operation is inputted, the function gen-
erator 137 outputs 1 to the multiplier 141 when the arm
crowding operation is on and regeneration is possible.
When regeneration is impossible, the function generator
137 outputs 0 to the multiplier 141. The multiplier 141
corrects the opening area signal of the regeneration con-
trol valve 8 outputted from the function generator 136,
and outputs it to the multiplier 143.
[0083] The function generator 140 inputs the pump
pressure signal 118, and determines whether or not the
machine is in the excavating state. When the machine is
in the excavating state, the function generator 140 out-
puts 1 to the multiplier 143, and when the machine is not
in the excavating state, it outputs 0 to the multiplier 143.
The multiplier 143 corrects the opening area signal of the
regeneration control valve 8 outputted from the function
generator 136, and outputs it to the maximum value se-
lector 144.
[0084] The maximum value selector 144 calculates the
requisite opening area on the regeneration side of the
regeneration control valve 8 for the boom raising opera-
tion or the boom lowering operation, and outputs it to the
output conversion section 146. The output conversion
section 146 performs output conversion of the inputted
opening area of the regeneration control valve 8, and
outputs it as the solenoid valve command 108A which is
a control command to the regeneration control valve 8.
Accordingly, the opening area on the regeneration side
of the regeneration control valve 8 can be controlled to
a desired value.
[0085] Through the above operation, the return hy-
draulic fluid at the time of boom raising or boom lowering
is properly throttle-controlled by the regeneration control
valve 8 at the time of regeneration, and even when no
regeneration is effected, is properly throttle-controlled by
the discharge valve 4. This helps to secure a satisfactory
operability. Further, the return hydraulic fluid at the time
of boom raising or lowering can be regenerated while
being properly flow-rate-controlled solely by the three
valves of the regeneration control valve 8, the return hy-
draulic fluid selection valve 5, and the discharge valve 4,
so that a satisfactory operability can be secured.
[0086] In the construction machine according to the
first embodiment of the present invention described
above, it is possible to regenerate the return hydraulic
fluid at the time of both boom raising operation and boom
lowering operation with a small number of valves, and to
secure a satisfactory operability at the time of both boom
raising operation and boom lowering operation.
[0087] In the present embodiment described above,
the return hydraulic fluid at the time of boom raising op-
eration is regenerated in the bottom side hydraulic fluid
chamber 7a of the arm cylinder 7. This construction

proves effective at the time of normal gravel loading op-
eration or leveling operation of the hydraulic excavator.
This, however, should not be construed restrictively. As
needed, the present embodiment may be constructed
such that the return hydraulic fluid at the time of boom
raising operation is regenerated in the rod side hydraulic
fluid chamber 7b of the arm cylinder 7 or in some other
hydraulic actuator. Further, the present embodiment may
be constructed such that the return hydraulic fluid at the
time of boom lowering operation is regenerated in the
bottom side hydraulic fluid chamber 7a of the arm cylinder
7 or in some other hydraulic actuator.
[0088] Further, in the present embodiment, the hydrau-
lic fluid is supplied from the first hydraulic pump 1 which
can supply the hydraulic fluid to the boom cylinder 6 and
the arm cylinder 7 to the boom cylinder 6 via the discharge
valve 4, and the hydraulic fluid is supplied from the sec-
ond hydraulic pump 2 which can supply the hydraulic
fluid to the boom cylinder 6 to the boom cylinder 6 via
the return hydraulic fluid selection valve 5. This, however,
should not be construed restrictively. For example, the
hydraulic fluid may be supplied from the first hydraulic
pump 1 to the boom cylinder 6 via the return hydraulic
fluid selection valve 5, and may be supplied from the
second hydraulic pump 2 to the boom cylinder 6 via the
discharge valve 4. This makes it possible to realize, for
example, a connection allowing easiest construction in
the case where the valves are integrally produced.
[0089] Further, in the present embodiment, the con-
troller 21 performs a control such that the differential pres-
sure is computed based on the bottom pressure signal
117 and the pump pressure signal 118 and that when
the differential pressure is equal to or lower than the set
value, the regeneration at the time of boom lowering op-
eration is not performed. However, such control is not
required in the case of a construction machine in which
the pressure of the return hydraulic fluid at the time of
boom lowering operation is always higher than the pres-
sure of the rod side hydraulic fluid chamber 7b of the arm
cylinder 7.
[0090] Further, in the present embodiment, the con-
troller 21 performs a control such that the pump pressure
signal 118 is taken in and that when the pump pressure
signal 118 is of a value equal to or lower than the set
value, no regeneration is effected at the time of boom
raising operation. This, however, is not indispensable. In
a construction machine in which speed is of more impor-
tance than efficiency, there is no problem in terms of op-
eration if regeneration is performed independently of the
load. Further, in this case, the pressure sensor 18 is un-
necessary, whereby the cost can be reduced.

[Embodiment 2]

[0091] In the following, the construction machine ac-
cording to the second embodiment of the present inven-
tion will be described with reference to the drawings. Fig.
6 is a schematic diagram illustrating a hydraulic drive
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system constituting the construction machine according
to the second embodiment of the present invention, and
Fig. 7 is a block diagram illustrating a controller consti-
tuting the construction machine according to the second
embodiment of the present invention. In Figs. 6 and 7,
the same components as those in Figs. 1 through 5 are
indicated by the same reference numerals, and a detailed
description thereof will be omitted.
[0092] The hydraulic drive system of the construction
machine according to the second embodiment is roughly
the same as that of the first embodiment. The second
embodiment differs from the first embodiment in that the
regeneration control valve 8 is replaced by a regeneration
valve 41 and a discharge valve 42 and that the discharge
valve 4 is replaced by a second control valve 40. In the
present embodiment, the regeneration control valve 8 of
the first embodiment is replaced by the regeneration
valve 41 and the discharge valve 42, the opening degree
of each of which is controlled by a controller 21A, so that
a finer flow rate control is possible. Further, the discharge
valve 42 has the function of the discharge valve 4 in the
first embodiment to control the return hydraulic fluid, so
that the discharge valve 4 is replaced by the second con-
trol valve 40 solely having the function to switch-supply
the hydraulic fluid of the first hydraulic pump 1 to the
boom cylinder 6.
[0093] More specifically, as shown in Fig. 6, at an in-
termediate portion of the communication line 23, there is
provided the discharge valve 42 which is a 2-position/2-
port solenoid proportional valve capable of adjusting the
flow rate of the return hydraulic fluid. Further, at an inter-
mediate portion of the regeneration line 24, there is pro-
vided the regeneration valve 41 which is a 2-position/2-
port solenoid proportional valve capable of adjusting the
regeneration flow rate. In the portion of the communica-
tion line 23 between the discharge valve 42 and the return
hydraulic fluid selection valve 5, there is provided a
branching-off portion to which one end side of the regen-
eration line 24 is connected.
[0094] The second control valve 40 is a 3-position/6-
port switch control valve. By the pilot pressure supplied
to both pilot operation portions 40x and 40y, the control
valve position is switched to vary the opening area of the
flow passage of the hydraulic working fluid. Through this
operation, the direction and the flow rate of the hydraulic
working fluid supplied from the first hydraulic pump 1 to
the boom cylinder 6 is controlled, and the boom cylinder
7 is driven. Further, the second control valve 40 has an
inlet port 40c to which the hydraulic fluid from the first
hydraulic pump 1 is supplied, a center port 40T allowing
communication when at a neutral position, and connec-
tion ports 40a and 40b connected to the boom cylinder
6 side. It is a center bypass type valve, which guides the
hydraulic fluid from the first hydraulic pump 1 to the hy-
draulic working fluid tank 30 when at the neutral position.
The line connecting the first main line 31 and the inlet
port 40c is provided with a check valve 13 preventing
back flow to the first hydraulic pump 1.

[0095] Next, a method of controlling the regeneration
valve 41 and the discharge valve 42 executed by the
controller 21A according to the present embodiment will
be described with reference to Fig. 7.
[0096] As shown in Fig. 7, the construction of the con-
troller 21A of the present embodiment differs from the
construction of the controller 21 of the first embodiment
in the following points.

(a) The function generators 133 and 136 which input
the lever operation signal 119 as the boom lowering
operation amount and the lever operation signal 125
as the boom raising operation amount are replaced
by function generators 147 and 148. Further, the
function generators 134 and 137 which input the le-
ver operation signal 120 as the arm dumping oper-
ation amount and the lever operation signal 126 as
the arm crowding operation amount are replaced by
function generators 152 and 153.
(b) There are added: a second maximum value se-
lector 149 which inputs the output of the function
generator 147 and the output of the function gener-
ator 148 and selects the maximum value; a second
subtracter 150 which subtracts the output of the max-
imum value selector 144 from the output of the sec-
ond maximum value selector 149; and an output con-
version section 151 which inputs the output of the
maximum value selector 144 and the output of the
second subtracter 150 and outputs a solenoid valve
command 141A as a command for the regeneration
valve 41 and a solenoid valve command 142A as a
command for the discharge valve 42.

[0097] In the present embodiment, the function gener-
ator 147 and the function generator 148 calculate the
discharge side opening area signal throttle-controlled in
the case where no regeneration is effected. That is, there
is calculated an opening area that is equal to the opening
area of the discharge valve 4 in the first embodiment.
Opening area signals outputted from the function gener-
ator 147 and the function generator 148 are referred to
as target opening area signals.
[0098] The function generator 152 calculates a coeffi-
cient used by the multiplier in accordance with the lever
operation signal 120 which is the arm dumping operation
amount. The function generator 152 outputs 0 as the min-
imum value when the lever operation signal 120 is 0, and
increases the output as the lever operation signal 120
rises, outputting 1 as the maximum value. The value out-
putted from the function generator 152 is outputted to the
multiplier 138, and corrects the target opening area.
[0099] The function generator 153 calculates a coeffi-
cient used by the multiplier in accordance with the lever
operation signal 126 which is the arm crowding operation
amount. The function generator 153 outputs 0 as the min-
imum value when the lever operation signal 126 is 0, and
increases the output as the lever operation signal 126
rises, outputting 1 as the maximum value. The value out-
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putted from the function generator 153 is outputted to the
multiplier 141, and corrects the target opening area.
[0100] As compared with the ON/OFF-basis control of
the first embodiment, in which it is determined whether
or not the regeneration is possible, the computation using
the outputs of the function generator 152 and the function
generator 153 makes it possible to perform a finer control
in accordance with the arm operation.
[0101] The target opening area signal corrected by the
multiplier 138, the multiplier 142, the multiplier 141, and
the multiplier 143 is outputted to the regeneration valve
41 as the solenoid valve command 141A via the maxi-
mum value selector 144 and the output conversion sec-
tion 151. Accordingly, the regeneration valve 41 is throt-
tle-controlled so as to attain the target opening area as
computed by the controller 21.
[0102] On the other hand, the second maximum value
selector 149 selects the maximum value of the output of
the function generator 147 and the output of the function
generator 148, and outputs the opening area signal of
the discharge valve 42 in the case where no regeneration
is performed at the time of boom lowering or boom rais-
ing.
[0103] The second subtracter 150 subtracts the target
opening area signal of the regeneration valve 41 which
is the output of the maximum value selector 144 from the
opening area signal of the discharge valve 42, which is
the output of the second maximum value selector 149,
in the case where no regeneration is performed at the
time of boom lowering or boom raising, and calculates
the result as the target opening area signal of the dis-
charge valve 42, and outputs it to the discharge valve 42
as the solenoid valve command 142A via the output con-
version section 151. Through this computation, the open-
ing area of the discharge valve 42 is reduced by an
amount corresponding to the opening area allowing flow
to the regeneration side at the regeneration valve 41,
whereby the discharge valve 42 is further throttled than
in the case where no regeneration is effected. As a result,
the return hydraulic fluid discharged to the hydraulic
working fluid tank 30 is reduced, and the flow rate of the
hydraulic fluid flowing to the regeneration side increases.
[0104] Further, in the case where the function gener-
ator 152 or the function generator 153 outputs 1, that is,
in the case where the return hydraulic fluid can be regen-
erated in the arm cylinder 7 to the utmost degree, the
target opening area signal calculated by the function gen-
erator 147 and the function generator 148 is input as it
is to the second subtracter 150 via the maximum value
selector 144, so that the output of the second subtracter
150 is 0. As a result, the discharge valve 42 is closed,
so that all the return hydraulic fluid is regenerated.
[0105] Conversely, in the case where it is determined
that regeneration is impossible and where the target
opening area signal of the regeneration valve 41 is 0, the
output of the second subtracter 150 remains as the output
of the second maximum value selector 149. All the return
hydraulic fluid is discharged to the hydraulic working fluid

tank 30 via the discharge valve 42, and proper throttle
control is performed with the opening area set by the
function generator 147 and the function generator 148.
[0106] Through the above operation, in the present
embodiment, the return hydraulic fluid at the time of boom
raising or boom lowering is properly throttle-controlled
by the regeneration valve 41 at the time of regeneration.
Even when no regeneration is effected, throttle control
is properly performed by the discharge valve 42. This
helps to secure a satisfactory operability. Further, the
return hydraulic fluid at the time of boom raising or boom
lowering can be regenerated while properly performing
the flow rate control solely with the three valves of the
regeneration valve 41, the return hydraulic fluid selection
valve 5, and the discharge valve 42, so that a satisfactory
operability can be secured.
[0107] In the construction machine according to the
second embodiment of the present invention described
above, it is possible to attain the same effects as those
of the first embodiment described above.
[0108] Further, in the construction machine according
to the second embodiment of the present invention de-
scribed above, the flow rate on the regeneration side and
that on the discharge side can be independently control-
led, so that finer adjustment is possible and a satisfactory
operability can be secured.

[Embodiment 3]

[0109] In the following, the construction machine ac-
cording to the third embodiment of the present invention
will be described with reference to the drawings. Fig. 8
is a schematic diagram illustrating a hydraulic drive sys-
tem constituting the construction machine according to
the third embodiment of the present invention. In Fig. 8
the components that are the same as those in Figs. 1
through 7 are indicated by the same reference numerals,
and a detailed description thereof will be omitted.
[0110] In the construction machine according to the
third embodiment of the present invention, the outline of
the hydraulic drive system is roughly the same as that of
the first embodiment. It differs from the first embodiment
in that the controller 21, the pressure sensors 17, 18, 19,
20, 25, and 26, and the regeneration control valve 8 which
is a solenoid proportional valve are omitted, and what is
electrically controlled is all replaced with what operates
hydraulically. As components corresponding to the pres-
sure sensors and the controller 21, there are provided a
first logic valve 27, a second logic valve 28, and a high
pressure selection valve 29, and the regeneration control
valve 8, which has been a solenoid proportional valve,
is replaced by a hydraulically driven regeneration control
valve 43.
[0111] More specifically, as shown in Fig. 8, there is
provided at an intermediate portion of the communication
line 23 the regeneration control valve 43 which switches
between discharging and regeneration of the return hy-
draulic fluid. The regeneration control valve 43 is a 2-
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position/3-port control valve, and is equipped with an op-
eration portion 43a receiving the pilot pressure from the
high pressure selection valve 29, a spool portion, and a
spring portion. In the regeneration control valve 43, the
communication line 23 is connected to two ports (one
outlet port and an inlet port), and one end side of the
regeneration line 24 is connected to one port (the other
outlet port).
[0112] The first logic valve 27 is a 2-position/2-port
switch valve, and is equipped with an operation portion
27a to which the arm crowding pilot pressure Pc from a
pilot valve 10a is supplied via a pilot hydraulic line, a
spool portion, and a spring portion. To the inlet port of
the first logic valve 27, there is supplied the boom raising
pilot pressure Pu from the pilot valve 9a via the pilot hy-
draulic line, and the outlet port of the first logic valve 27
is connected to one input port of the high pressure se-
lection valve 29 via the pilot hydraulic line.
[0113] The second logic valve 28 is a 2-position/2-port
switch valve, and is equipped with an operation portion
28a to which the arm dumping pilot pressure Pd from the
pilot valve 10a is supplied via the pilot hydraulic line, a
spool portion, and a spring portion. To the inlet port of
the second logic valve 28, there is supplied the boom
lowering pilot pressure Pd from the pilot valve 9a via the
pilot hydraulic line, and the outlet port of the second logic
valve 28 is connected to the other input port of the high
pressure selection valve 29 via the pilot hydraulic line.
[0114] The first logic valve 27 is closed at the normal
position, and even if the boom raising pilot pressure Pu
acts thereon, when the switching through the supply of
the arm crowding pilot pressure Pc is not effected, the
pilot pressure supplied to the high pressure selection
valve 29, which is the output pressure of the logic valve,
is 0. Conversely, even if the first logic valve 27 is switched
by the arm crowding pilot pressure Pc, when the boom
raising pilot pressure Pu is 0, the pilot pressure outputted
from the first logic valve 27 is 0. That is, the first logic
valve 27 outputs the pilot pressure when both the boom
raising pilot pressure Pu and the arm crowding pilot pres-
sure Pc are inputted. This means that when the boom
raising operation and the arm crowding operation are on,
there is outputted a signal switching the regeneration
control valve 43 in order to regenerate the return hydrau-
lic fluid at the time of boom raising operation in the bottom
side hydraulic fluid chamber 7a of the arm cylinder 7.
[0115] Similarly to the first logic valve 27, the second
logic valve 28 outputs the pilot pressure when both the
boom lowering pilot pressure Pd from the pilot valve 9a
and the arm dumping pilot pressure Pd from the pilot
valve 10a are inputted. This means that when the boom
lowering operation and the arm dumping operation are
on, there is outputted a signal switching the regeneration
control valve 43 in order to regenerate the return hydrau-
lic fluid at the time of boom lowering operation in the rod
side hydraulic fluid chamber 7b of the arm cylinder 7.
[0116] The pilot pressures outputted from the first logic
valve 27 and the second logic valve 28 are supplied to

the high pressure selection valve 29, and the higher of
these pressures is supplied to the operation portion 43a
of the regeneration control valve 43 to switch the regen-
eration control valve 43. In this case, the boom raising
pilot pressure Pu and the boom lowering pilot pressure
Pd are not outputted simultaneously, so that the first logic
valve 27 and the second logic valve 28 do not output a
pilot pressure simultaneously. That is, one of the control
signal for regeneration at the time of boom-raising/arm-
crowding and the control signal for regeneration at the
time of boom-lowering/arm-dumping is inputted to the
regeneration control valve 43. By switching the regener-
ation control valve 43, the return hydraulic fluid having
flowed in the communication line 23 is regenerated in the
arm cylinder 7 via the regeneration control valve 43.
[0117] In the present embodiment, the pressure of the
bottom side hydraulic fluid chamber 6a of the boom cyl-
inder 6 and the delivery pressure of the first hydraulic
pump 1 are not detected, so that, as described in the first
embodiment, the present embodiment is applicable to a
construction machine in which the pressure of the return
hydraulic fluid at the time of boom lowering operation is
always higher than the pressure of the rod side hydraulic
fluid chamber 7b of the arm cylinder 7, or a construction
machine in which speed is of more importance than ef-
ficiency at the time of boom raising.
[0118] In the construction machine according to the
third embodiment of the present invention described
above, it is possible to attain the same effects as those
of the first embodiment described above.
[0119] Further, in the construction machine according
to the third embodiment of the present invention de-
scribed above, the hydraulic drive apparatuses are all
controlled hydraulically, whereby the cost can be re-
duced.
[0120] The present invention is not restricted to the
above-described embodiments but includes various
modifications. For example, the above embodiments,
which have been described in detail to facilitate the un-
derstanding of the present invention, are not always re-
stricted to ones equipped with all the components de-
scribed above.

Description of Reference Characters

[0121]

1: First hydraulic pump
2: Second hydraulic pump
3: Control valve
4: Discharge valve (regeneration/discharge flow rate
adjustment device)
5: Return hydraulic fluid selection valve (regenera-
tion/discharge flow rate adjustment device)
6: Boom cylinder
7: Arm cylinder
8: Regeneration control valve (regeneration/dis-
charge flow rate adjustment device)
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9: First operation device
10: Second operation device
12: Check valve
13: Check valve
14: Check valve
15: Check valve
16: Check valve
17: Pressure sensor
18: Pressure sensor
19: Pressure sensor
20: Pressure sensor
21: Controller
21A: Controller
23: Communication line (discharge line)
24: Regeneration line
25: Pressure sensor
26: Pressure sensor
27: First logic valve
28: Second logic valve
29: High pressure selection valve
30: Hydraulic working fluid tank
31: First main line
32: Second main line
33: First line
34: Second line
35: Third line
36: Fourth line
40: Second control valve
41: Regeneration valve (regeneration/discharge
flow rate adjustment device)
42: Discharge valve (regeneration/discharge flow
rate adjustment device)
43: Regeneration control valve (regeneration/dis-
charge flow rate adjustment device)

Claims

1. A construction machine comprising: a first hydraulic
actuator; a second hydraulic actuator; a tank; and a
first hydraulic pump supplying a hydraulic fluid to the
second hydraulic actuator, the construction machine
further comprising:

a return hydraulic fluid selection device selecting
a supply source of a return hydraulic fluid gen-
erated at a time of a raising operation or a low-
ering operation of the first hydraulic actuator and
discharging the return hydraulic fluid;
a regeneration line supplying the hydraulic fluid
discharged from the return hydraulic fluid selec-
tion device to a portion between the second hy-
draulic actuator and the first hydraulic pump to
regenerate the hydraulic fluid;
a discharge line discharging the hydraulic fluid
discharged from the return hydraulic fluid selec-
tion device to the tank; and
a regeneration/discharge flow rate adjustment

device capable of adjusting a flow rate of the
hydraulic fluid flowing through the regeneration
line and a flow rate of the hydraulic fluid flowing
through the discharge line.

2. The construction machine according to claim 1, fur-
ther comprising:

a first operation device for operating the first hy-
draulic actuator in a raising direction or a lower-
ing direction; a second operation device for op-
erating the second hydraulic actuator; a first op-
eration amount sensor capable of detecting an
operation amount of the first operation device;
and a second operation amount sensor capable
of detecting an operation amount of the second
operation device,
wherein the return hydraulic fluid selection de-
vice controls the supply source and the dis-
charge flow rate of the return hydraulic fluid in
accordance with the operation amount of the first
operation device; and
the regeneration/discharge flow rate adjustment
device is equipped with a control device control-
ling the flow rate of the hydraulic fluid flowing
through the regeneration line and the flow rate
of the hydraulic fluid flowing through the dis-
charge line in accordance with the respective
operation amounts detected by the first opera-
tion amount sensor and the second operation
amount sensor.

3. The construction machine according to claim 2,
wherein the first operation device is a hydraulic pilot
type operation device;
the regeneration/discharge flow rate adjustment de-
vice has a regeneration control valve capable of di-
verting or switching the hydraulic fluid discharged
from the return hydraulic fluid selection device to the
regeneration line and the discharge line, and a dis-
charge valve provided on a downstream side of the
regeneration control valve and making it possible to
adjust the flow rate of the hydraulic fluid discharged
to the tank by a pilot pressure outputted from the first
operation device; and
the control device inputs the respective operation
amount signals detected by the first operation
amount sensor and the second operation amount
sensor, and controls an opening degree of the re-
generation control valve in accordance with these
signals.

4. The construction machine according to claim 3, fur-
ther comprising:

a first pressure sensor detecting a pressure of
the return hydraulic fluid at the time of the low-
ering operation of the first hydraulic actuator;
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and
a second pressure sensor detecting a pressure
between the first hydraulic pump and the second
hydraulic actuator,
wherein the control device inputs a pressure sig-
nal of the return hydraulic fluid at the time of the
lowering operation of the first hydraulic actuator
detected by the first pressure sensor and a pres-
sure signal between the first hydraulic pump and
the second hydraulic actuator detected by the
second pressure sensor, and controls the open-
ing degree of the regeneration control valve in
accordance with these signals.

5. The construction machine according to claim 2,
wherein the regeneration/discharge flow rate adjust-
ment device has a regeneration valve regenerating
the hydraulic fluid discharged from the return hydrau-
lic fluid selection device in the regeneration line, and
a discharge valve discharging the hydraulic fluid dis-
charged from the return hydraulic fluid selection de-
vice to the tank; and
the control device inputs the respective operation
amount signals detected by the first operation
amount sensor and the second operation amount
sensor, and controls the opening degree of the re-
generation valve and the opening degree of the dis-
charge valve in accordance with these signals.

6. The construction machine according to claim 5, fur-
ther comprising:

a first pressure sensor detecting a pressure of
the return hydraulic fluid at the time of the low-
ering operation of the first hydraulic actuator;
and
a second pressure sensor detecting a pressure
between the first hydraulic pump and the second
hydraulic actuator,
wherein the control device inputs a pressure sig-
nal of the return hydraulic fluid at the time of the
lowering operation of the first hydraulic actuator
detected by the first pressure sensor and a pres-
sure signal between the first hydraulic pump and
the second hydraulic actuator detected by the
second pressure sensor, and controls the open-
ing degree of the regeneration valve and the
opening degree of the discharge valve in accord-
ance with these signals.

7. The construction machine according to claim 1, fur-
ther comprising: a hydraulic pilot type first operation
device for operating the first hydraulic actuator in a
raising direction or a lowering direction; and a hy-
draulic pilot type second operation device for oper-
ating the second hydraulic actuator;
wherein the regeneration/discharge flow rate adjust-
ment device has a regeneration control valve capa-

ble of diverting or switching the hydraulic fluid dis-
charged from the return hydraulic fluid selection de-
vice to the regeneration line and the discharge line,
and a discharge valve provided on a downstream
side of the regeneration control valve and making it
possible to adjust the flow rate of the hydraulic fluid
discharged to the tank by a pilot pressure outputted
from the first operation device,
the construction machine further comprising: a pair
of logic valves which output pilot hydraulic fluids
when both the pilot hydraulic fluid supplied by the
first operation device and the pilot hydraulic fluid sup-
plied by the second operation device are inputted,
and a high pressure selection valve selecting a high-
er of pressures outputted by the pair of logic valves,
wherein the regeneration control valve is driven by
the pilot hydraulic fluid outputted via the high pres-
sure selection valve.

8. The construction machine according to claim 3, fur-
ther comprising a second hydraulic pump,
wherein the discharge valve is provided with a hy-
draulic line for supplying the hydraulic fluid delivered
from at least one of the first hydraulic pump and the
second hydraulic pump to the first hydraulic actuator
at the time of the raising operation of the first hydrau-
lic actuator or the lowering operation thereof.

9. The construction machine according to claim 1, fur-
ther comprising a second hydraulic pump,
wherein the return hydraulic fluid selection device is
provided with a hydraulic line for supplying the hy-
draulic fluid delivered from at least one of the first
hydraulic pump and the second hydraulic pump to
the first hydraulic actuator at the time of the raising
operation of the first hydraulic actuator or the lower-
ing operation thereof.
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