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Description
[Technical Field]

[0001] The presentdisclosure relates to an excavator.

[Background Art]

[0002] Conventionally, an excavator capable of per-
forming regeneration to cause hydraulic oil flowing out
from a returning-side oil chamber of a hydraulic cylinder
to flow into a supply-side oil chamber and performing
regeneration to cause hydraulic oil flowing out of a re-
turning-side oil chamber of a hydraulic cylinder into a
supply-side oil chamber of another hydraulic cylinder is
known (see, for example, Patent Document 1).

[Prior Art Documents]
[Patent Documents]

[0003] [Patent Document 1] Japanese Unexamined
Patent Application Publication No. 2015-172393

[Summary of Invention]
[Problem to be Solved by Invention]

[0004] However, in the above-described excavator, a
valve is provided for performing regeneration in addition
to a flow control valve which controls a flow of hydraulic
oil to a hydraulic cylinder.

[0005] Therefore,itis desirable to provide an excavator
capable of performing regeneration using a flow control
valve.

[Means for Solving Problem]

[0006] An excavator according to an embodiment of
the presentinvention includes flow control valves respec-
tively at rod sides and bottom sides of a plurality of hy-
draulic cylinders. The flow control valves are configured
to control flow rates in according to pilot pressures.

[Advantageous Effects of Invention]

[0007] Accordingly, an excavator capable of perform-
ing regeneration using flow control values is provided.

[Brief Description of Drawings]
[0008]

Fig. 1 is a side view of a hybrid excavator according
to one embodiment.

Fig. 2 is a diagram depicting a transition of an oper-
ating state of the hybrid excavator according to the
embodiment.

10

15

20

25

30

35

40

45

50

55

Fig. 3 is a diagram depicting an example of a con-
figuration of a driving system of the hybrid excavator
according to the embodiment.

Fig. 4 is a diagram depicting an example of a struc-
ture of an electric storage system of the hybrid ex-
cavator according to the embodiment.

Fig. 5 is a diagram depicting an example of a con-
figuration of control valves.

Fig. 6 is a diagram depicting a state of the control
valves in a first driving mode.

Fig. 7 is a diagram depicting a state of the control
valves in a second driving mode.

Fig. 8 is a diagram depicting a state of the control
valves in a third driving mode.

Fig. 9 is a diagram depicting a state of the control
valves in a fourth driving mode.

Fig. 10 is a diagram depicting a state of the control
valves in a fifth driving mode.

Fig. 11 is a diagram depicting a state of the control
valves in a sixth driving mode.

Fig. 12 is a diagram depicting a state of the control
valves in a seventh driving mode.

[Mode for Carrying Out Invention]

[0009] Hereinafter, non-limiting exemplary embodi-
ments of the present disclosure will be described with
reference to the accompanying drawings. In all the ac-
companying drawings, the same or corresponding refer-
ence numerals are given to the same or corresponding
parts or components, and the duplicate descriptions will
be omitted.

[0010] Referring to Fig. 1, a configuration example of
a hybrid excavator will be described. Fig. 1 is a side view
depicting a hybrid excavator in accordance with an em-
bodiment.

[0011] Anupperswiveling body 3 is mounted to a lower
traveling body 1 of the hybrid excavator through a
swiveling mechanism 2. A boom 4 is attached to the up-
per swiveling body 3. An arm 5 is attached to an end of
the boom 4, and a bucket 6 is attached to an end of the
arm 5. The boom 4, the arm 5, and the bucket 6 are
working elements hydraulically driven by a boom cylinder
7,anarmcylinder 8, and a bucket cylinder 9, respectively.
The upper swiveling body 3 is provided with a cabin 10
and is equipped with a power source such as an engine.
[0012] Next, an excavating and loading operation,
which is an example of an operation of the hybrid exca-
vator according to the embodiment, will be described with
reference to Fig. 2. Fig. 2 is a diagram depicting a tran-
sition in an operating state of the hybrid excavator ac-
cording to the embodiment.

[0013] First, as depicted as a state CD1, an operator
swivels the upper swiveling body 3, lowers the boom 4
with the bucket 6 above an excavation position, with the
arm 5 open, and with the bucket 6 open, and lowers the
bucket 6 so that an end of the bucket 6 is at a desired
height from an excavation target. Normally, when
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swiveling the upper swiveling body 3 and lowering the
boom 4, an operator visually checks the position of the
bucket 6. In addition, swiveling the upper swiveling body
3 and lowering the boom 4 are generally performed si-
multaneously. The above-described operation is called
a boom-lowering and swiveling operation, and a corre-
sponding operation section is called a boom-lowering
and swiveling operation section.

[0014] The operator closes the arm 5 until the arm 5
becomes substantially perpendicular to the ground sur-
face, as depicted as the state CD2, when the operator
determines that a tip of the bucket 6 has reached a de-
sired height. Thus, soil is excavated up to a predeter-
mined depth and the excavated soil is scraped and col-
lected by the bucket 6 until the arm 5 becomes substan-
tially perpendicular to the ground surface. The operator
then closes the arm 5 and bucket 6 further, as depicted
as the state CD3, and thus, closes the bucket 6 until the
bucket 6 becomes substantially perpendicular to the arm
5, as depicted as the state CD4. That is, the bucket 6 is
closed until the upper edge of the bucket 6 becomes gen-
erally horizontal, and places the collected soil in the buck-
et 6. The above-described operation is referred to as an
excavating operation and a corresponding operation sec-
tion is referred to as an excavating operation section.
[0015] Next, when the operator determines that the
bucket 6 has been closed until the bucket 6 becomes
substantially perpendicular to the arm 5, the operator lifts
the boom 4 until the bottom of the bucket 6 becomes at
a desired height from the ground, with the bucket 6
closed, as depicted as the state CD5. This operation is
called a boom-lifting operation, and a corresponding op-
eration section is called a boom-lifting operation section.
Subsequently or simultaneously, the operator swivels the
upper swiveling body 3 and thus swivels and moves the
bucket 6 to a soil discharge position, as depicted by an
arrow AR1. This operation including a boom-lifting oper-
ation is called a boom-lifting and swiveling operation, and
a corresponding operation section is called a boom-lifting
and swiveling operation section.

[0016] A reason of lifting the boom 4 until the bottom
of the bucket 6 reaches the desired height is as follows:
for example, if the bucket 6 is not lifted higher than a
height of a load bed of a dump truck when soil in the
bucket 6 is discharged to the load bed, the bucket 6 hits
the load bed.

[0017] Next, when the operator determines that the
boom-lifting and swiveling operation has been complet-
ed, the operator opens the arm 5 and the bucket 6 while
lowering the boom 4 or stopping the boom 4, as depicted
as the state CD6, to discharge the soil in the bucket 6.
This operation is called a dumping operation and a cor-
responding operation section is called a dumping oper-
ation section.

[0018] Next, when the operator determines that the
dumping operation has been completed, the operator
swivels the upper swiveling body 3 in a direction of an
arrow AR2 as depicted as the state CD7, and moves the
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bucket 6 up to precisely above the excavation position.
At this time, the operator lowers the boom 4 simultane-
ously with the swiveling, and thus lowers the bucket 6 to
a desired height from the excavation target. This opera-
tion is part of the boom-lowering and swiveling operation
described as the state CD1. The operator then moves
the bucket 6 downward to a desired height as depicted
as the state CD1 to again perform operations starting
from an excavating operation.

[0019] The operator repeats a cycle including "boom-
lowering and swiveling operation”, "excavating opera-
tion", "boom-lifting and swiveling operation", and "dump-
ing operation" described above to proceed with an exca-
vating and loading process.

[0020] Next, an example of a configuration of a driving
system of the hybrid excavator according to the embod-
iment will be described with reference to Fig. 3. Fig. 3 is
a diagram depicting an example of a configuration of a
driving system of the hybrid excavator according to the
embodiment. In Fig. 3, a double line denotes a mechan-
ical power system, a solid line (thick line) denotes a high
pressure oil hydraulic line, a broken line denotes a pilot
line, and a solid line (thin line) denotes an electric driving
and controlling system.

[0021] An engine 11 as a mechanical driving unit and
amotor-generator 12 as an assistive driving unit are con-
nected to two input shafts of a transmission 13, respec-
tively. A main pump 14 and a pilot pump 15, as oil hy-
draulic pumps, are connected to an output shaft of the
transmission 13. Control valves 17 are connected to the
main pump 14 via high pressure oil hydraulic lines 16.
[0022] A regulator 14A is a device for controlling a dis-
charge amount of the main pump 14. For example, a
discharge amount of the main pump 14 is controlled by
adjusting a swash plate tilt angle of the main pump 14 in
accordance with a discharge pressure of the main pump
14, a control signal from the controller 30, and the like.
[0023] The control valves 17 are controllers for con-
trolling an oil hydraulic system of the hybrid excavator.
Oil hydraulic motors 1A (right) and 1B (left) for the lower
traveling body 1, the boom cylinder 7, the arm cylinder
8, and the bucket cylinder 9 are connected to the control
valves 17 via the high pressure hydraulic lines. Herein-
after, the oil hydraulic motors 1A (right) and 1B (left) for
the lower traveling body 1, boom cylinder 7, arm cylinder
8, and bucket cylinder 9 are collectively referred to as oil
hydraulic actuators.

[0024] An electric storage system 120 including a ca-
pacitor as an electric storage unit is connected to the
motor-generator 12 via an inverter 18A. A swiveling mo-
tor 21 as an electric powering operation element is con-
nected to the electric storage system 120 via an inverter
20. Aresolver 22, amechanical brake 23, and a swiveling
transmission 24 are connected to a rotating shaft 21A of
the swiveling motor 21. A manual operating device 26 is
connected to the pilot pump 15 via a pilot line 25. The
swiveling motor 21, the inverter 20, the resolver 22, the
mechanical brake 23, and the swiveling transmission 24
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are included in a first load driving system.

[0025] The manual operating device 26 includes a le-
ver 26A, a lever 26B, and a pedal 26C. The lever 26A,
lever 26B, and pedal 26C are connected to the control
valves 17 and a pressure sensor 29 via oil hydraulic lines
27 and 28, respectively. The pressure sensor 29 func-
tions as an operating state detector for detecting an op-
erating state of each of the hydraulic actuators and is
connected to a controller 30 for controlling driving of the
electrical system.

[0026] Inthe embodiment, aboom regenerative motor-
generator 300 for obtaining boom regenerative power is
connected to the electric storage system 120 via an in-
verter 18C. The motor-generator 300 is driven as a gen-
erator by an oil hydraulic pump-motor driven by hydraulic
oil flowing out of the boom cylinder 7. The motor-gener-
ator 300 converts potential energy of the boom 4 (hy-
draulic energy of hydraulic oil flowing out of the boom
cylinder 7) to electrical energy utilizing a pressure of hy-
draulic oil flowing out of the boom cylinder 7 when the
boom 4 moves downward under its own weight. In Fig.
3, for convenience of illustration, the oil hydraulic pump-
motor 310 and the motor-generator 300 are depicted at
distant positions, but in practice, the rotational axis of the
motor-generator 300 is mechanically connected to the
rotating shaft of the oil hydraulic pump-motor 310. That
is, the oil hydraulic pump-motor 310 is rotated by hydrau-
lic oil flowing out of the boom cylinder 7 when the boom
4 moves downward, and is provided for converting hy-
draulic energy of hydraulic oil obtained when the boom
4 moves downward under its own weight into rotating
force. In addition, the motor-generator 300 converts elec-
trical energy stored in the electric storage system 120
into kinetic energy of the rotating shaft of the oil hydraulic
pump-motor 310. Thus, the oil hydraulic pump-motor 310
can discharge hydraulic oil to an actuator such as the
boom 4.

[0027] Electric power generated by the motor-genera-
tor 300 is supplied to the electric storage system 120 as
regenerated power through the inverter 18C. A second
load driving system includes the motor-generator 300
and the inverter 18C.

[0028] Referring now toFig. 4, aconfiguration example
of the electric storage system 120 of the hybrid excavator
according to the embodiment will be described. Fig. 4 is
a diagram depicting an example of a configuration of the
electric storage system 120 of the hybrid excavator ac-
cording to the embodiment.

[0029] The electric storage system 120 includes a ca-
pacitor 19, a step-up and step-down converter 100, and
a DC bus 110. The capacitor 19 includes a capacitor
voltage detecting unit 112 for detecting a capacitor volt-
age value and a capacitor current detecting unit 113 for
detecting a capacitor currentvalue. The capacitor voltage
value and the capacitor current value detected by the
capacitor voltage detecting unit 112 and the capacitor
current detecting unit 113 are supplied to the controller
30.
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[0030] The step-up and step-down converter 100 per-
forms control to switch between a step-up operation and
a step-down operation in accordance with operating
states of the motor-generator 12, the swiveling motor 21,
and the motor-generator 300 so that a DC bus voltage
value falls within a fixed range. The DC bus 110 connects
together the inverters 18A, 18C, and 20, as well as the
step-up and step-down converter 100, to transfer electric
power among the capacitor 19, the motor-generator 12,
the swiveling motor 21, and the motor-generator 300.
[0031] Referring again to Fig. 3, the controller 30 will
now be described in detail. The controller 30 is a control
device as a main control unit that performs driving control
of the hybrid excavator. The controller 30 is an arithmetic
processing unit including a central processing unit (CPU)
and an internal memory, and operates by executing a
program for driving control stored in the internal memory.
[0032] The controller 30 converts a signal supplied
from the pressure sensor 29 to a swiveling speed com-
mand and performs driving control of the swiveling motor
21. In this case, the signal supplied from the pressure
sensor 29 corresponds to a signal representing an oper-
ating amount when the manual operating device 26 (a
swiveling operating lever) is operated by the operator to
swivel the swiveling mechanism 2.

[0033] The controller 30 performs operation control
(switching between an electric powering (assistive) op-
eration and a generating operation) of the motor-gener-
ator 12, and performs control of charging and discharging
the capacitor 19 by driving and controlling the step-up
and step-down converter 100 used as a step-up and step-
down control unit. Specifically, the controller 30 performs
control of switching the step-up and step-down converter
100 between charging and discharging the capacitor 19
based on a state of charge of the capacitor 19, an oper-
ating state (an electric powering (assistive) operation or
a generating operation) of the motor-generator 12, an
operating state (a powering operation or a regenerative
operation) of the swiveling motor 21, and an operating
state (a powering operation or a regenerative operation)
of the motor-generator 300.

[0034] Control of switching the step-up and step-down
converter 100 between a step-up operation and a step-
down operation is performed based on a DC bus voltage
value detected by the DC bus voltage detecting unit 111,
a capacitor voltage value detected by the capacitor volt-
age detecting unit 112, and a capacitor current value de-
tected by the capacitor current detecting unit 113.
[0035] In the above-described configuration, power
generated by the motor-generator 12, which is an assis-
tive motor, is supplied to the DC bus 110 of the electric
storage system 120 via the inverter 18A and supplied to
the capacitor 19 via the step-up and step-down converter
100. Regenerative power generated by the swiveling mo-
tor 21 is supplied to the DC bus 110 of the electric storage
system 120 via the inverter 20 and supplied to the ca-
pacitor 19 via the step-up and step-down converter 100.
Power generated by the boom regenerative motor-gen-
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erator 300 is supplied to the DC bus 110 of the electric
storage system 120 via the inverter 18C and supplied to
the capacitor 19 via the step-up and step-down converter
100. It should be noted that power generated by the mo-
tor-generator 12 or the motor-generator 300 may be sup-
plied directly to the swiveling motor 21 via the inverter
20, power generated by the swiveling motor 21 or the
motor-generator 300 may be supplied directly to the mo-
tor-generator 12 via the inverter 18A, and power gener-
ated by the motor-generator 12 or the swiveling motor
21 may be supplied directly to the motor-generator 300
via the inverter 18C.

[0036] The capacitor 19 may be replaced with another
electric storage unit capable of being charged and dis-
charged so that power can be exchanged with the DC
bus 110 via the step-up and step-down converter 100.
Although the capacitor 19 is depicted in Fig. 4 as an elec-
tric storage unit, a rechargeable secondary battery, such
as a lithium ion battery, a lithium ion capacitor, or any
other type of a power source capable of providing and
receiving power may be used as an electric storage unit
in place of the capacitor 19.

[0037] Referring now toFig. 5, a configuration example
of the control valves 17 of the hybrid excavator according
to the embodiment will now be described. Fig. 5 is a di-
agram depicting an example of the configuration of the
control valves 17.

[0038] As depicted in Fig. 5, the control valves 17 in-
clude rod-side flow control valves 175R and 176R and
bottom-side flow control valves 175B and 176B. The rod-
side flow control valves 175R and 176R and the bottom-
side flow control valves 175B and 176B are connected
to each other via the oil hydraulic pump-motor 310 and
a first oil passage C1. The oil hydraulic pump-motor 310
functions as an oil hydraulic motor utilizing hydraulic oil
flowing out of the boom cylinder 7, and also functions as
an oil hydraulic pump. The rod-side flow control valves
175R and 176R and the bottom-side flow control valves
175B and 176B are connected to each other through a
second oil passage C2 connected with a hydraulic oil
tank. The rod-side flow control valves 175R and 176R
and the bottom-side flow control valves 175B and 176B
are, for example, spool valves which switch valve posi-
tions in accordance with pressures (pilot pressures) of
hydraulic oil supplied to pilot ports via the oil hydraulic
line 27 to switch between states of communication with
and states of shutting off from the first oil passage C1
and the second oil passage C2.

[0039] Therod-side flow control valve 175Ris connect-
ed to a rod-side oil chamber of the boom cylinder 7
through a boom cylinder rod-side oil passage C3, and
controls a flow of hydraulic oil to a rod side of the boom
cylinder 7. The rod-side flow control valve 175R switches
a connection destination of the boom cylinder rod-side
oil passage C3 between the first oil passage C1 and the
second oil passage C2.

[0040] The bottom-side flow control valve 175B is con-
nected to a bottom-side oil chamber of the boom cylinder
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7 through a boom cylinder bottom-side oil passage C4
and controls a flow of hydraulic oil to a bottom side of the
boom cylinder 7. The bottom-side flow control valve 175B
switches a connection destination of the boom cylinder
bottom-side oil passage C4 between the first oil passage
C1 and the second oil passage C2.

[0041] Therod-side flow control valve 176R is connect-
ed to arod-side oil chamber of the arm cylinder 8 through
an arm cylinder rod-side oil passage C5 and controls a
flow of hydraulic oil to a rod side of the arm cylinder 8.
The rod-side flow control valve 176R switches a connec-
tion destination of the arm cylinder rod-side oil passage
C5 between the first oil passage C1 and the second oil
passage C2.

[0042] The bottom-side flow control valve 176B is con-
nected to a bottom-side oil chamber of the arm cylinder
8 via an arm cylinder bottom-side oil passage C6 to con-
trol a flow of hydraulic oil to a bottom side of the arm
cylinder 8. The bottom-side flow control valve 176B
switches a connection destination of the arm cylinder bot-
tom-side oil passage C6 between the first oil passage
C1 and the second oil passage C2.

[0043] Next, a state of the control valves 17 in a first
driving mode will now be described with reference to Fig.
6. Fig. 6 is a diagram depicting a state of the control
valves 17 in the first driving mode. In Fig. 6, black arrows
and white arrows indicate thatthere are flows of hydraulic
oil, where the thicker the arrows are, the greater the flow
rates are. The black arrows represent a flow of hydraulic
oil flowing out of the boom cylinder 7 and a flow of hy-
draulic oil flowing out of the oil hydraulic pump-motor 310,
and the white arrows represent flows of hydraulic oil flow-
ing out of the arm cylinder 8.

[0044] The first driving mode is a mode in which the
boom 4 performs a boom-lowering operation under its
own weight at a low speed, and the arm 5 performs an
arm-lifting operation by being powered at a high speed.
The hybrid excavator is in the first driving mode, for ex-
ample, during a boom-lowering swiveling operation (the
states CD6-CD7 depicted in Fig. 2). In the first driving
mode, a pressure of the bottom-side oil chamber (here-
inafter, referred to as a "bottom pressure") is higher than
a pressure of the rod-side oil chamber (hereinafter, re-
ferred to as a "rod pressure") with respect to the boom
cylinder 7, and a rod pressure is higher than a bottom
pressure with respect to the arm cylinder 8. However,
because a downward movement of the boom 4 is slow
with respect to the arm 5 that needs to be operated at
high speed, only hydraulic oil discharged from the boom
cylinder 7 cannot meet an amountof hydraulic oil required
by the arm cylinder 8. Accordingly, to compensate for an
insufficient flow (a difference between the required flow
rate and the discharge flow rate), the controller 30 starts
rotating the motor-generator 300 and the oil hydraulic
pump-motor 310 to cause the oil hydraulic pump-motor
310 to function as an oil hydraulic pump.

[0045] In the first driving mode, the rod-side flow con-
trol valve 175R allows the boom cylinder rod-side oil pas-
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sage C3 to communicate with the second oil passage
C2, and the bottom-side flow control valve 175B allows
the boom cylinder bottom-side oil passage C4 to com-
municate with the first oil passage C1. The rod-side flow
control valve 176R allows the arm cylinder rod-side oil
passage C5 to communicate with the first oil passage
C1, and the bottom-side flow control valve 176B allows
the arm cylinder bottom-side oil passage C6 to commu-
nicate with the second oil passage C2. The controller 30
also starts rotating the motor-generator 300 and the oll
hydraulic pump-motor 310 to cause the oil hydraulic
pump-motor 310 to function as an oil hydraulic pump.
[0046] As aresult, hydraulic oil flowing out of the boom
cylinder 7 and hydraulic oil discharged by the oil hydraulic
pump-motor 310 when the boom 4 moves downward un-
der its own weight merge in the first oil passage C1 to
reach the arm cylinder rod-side oil passage C5, flows
into the rod-side oil chamber of the arm cylinder 8, and
is used to open the arm 5. The hydraulic oil discharged
by the oil hydraulic pump-motor 310 is used to compen-
sate for a shortage for a case where only the hydraulic
oil flowing out of the boom cylinder 7 is insufficient when
the boom 4 moves downward under its own weight.
[0047] Hydraulic oil flowing out of the bottom-side oil
chamber of the arm cylinder 8, in whole or in part, reaches
the boom cylinder rod-side oil passage C3 through the
second oil passage C2, flows into the rod-side oil cham-
ber of the boom cylinder 7, and is used to lower the boom
4. The rest of the hydraulic oil is discharged to the hy-
draulic oil tank through the second oil passage C2.
[0048] Thus, in the first driving mode, the hybrid exca-
vator drives the arm cylinder 8, using hydraulic oil flowing
out of the bottom-side oil chamber of the boom cylinder
7 upon lowering of the boom. That is, potential energy of
the boom 4 can be effectively utilized as hydraulic energy
for driving the arm 5.

[0049] Next, astate ofthe control valves 17 in a second
driving mode will now be described with reference to Fig.
7. Fig. 7 is a diagram depicting a state of the control
valves 17 inaseconddrivingmode. InFig. 7, black arrows
and white arrows indicate that there are flows of hydraulic
oil, and the thicker the arrows are, the greater the flow
rates are. The black arrows represent flows of hydraulic
oil flowing out ofthe boom cylinder 7, and the white arrows
represent flows of hydraulic oil flowing out of the arm
cylinder 8.

[0050] The second driving mode is a mode in which
the boom 4 performs a boom-lowering operation under
its own weight at a high speed and the arm 5 performs
an arm-lifting operation under its own weight at a low
speed. The hybrid excavator is in the second driving
mode, for example, during a boom-lowering swiveling
operation (the states CD6-CD7 depicted in Fig. 2). In the
second driving mode, a bottom pressure is greater than
a rod pressure with respect to the boom cylinder 7, and
a rod pressure is greater than a bottom pressure with
respect to the arm cylinder 8. In this case, because a
downward movement of the boom 4 is at a high speed
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with respect to the arm 5 that operates at a low speed,
a flow rate of hydraulic oil discharged from the boom cyl-
inder 7 can sufficiently provide an amount of hydraulic
oil required by the arm cylinder 8. Therefore, in order to
effectively utilize an excess flow rate (a difference be-
tween the required flow rate and the discharge flow rate)
foraregeneration operation, a predetermined control sig-
nal is output to the inverter 18C to cause the motor-gen-
erator 300 to perform a regeneration operation.

[0051] In the second driving mode, the rod-side flow
control valve 175R allows the boom cylinder rod-side oil
passage C3 to communicate with the first oil passage
C1, and the bottom-side flow control valve 175B allows
the boom cylinder bottom-side oil passage C4 to com-
municate with the first oil passage C1. The rod-side flow
control valve 176R allows the arm cylinder rod-side oil
passage C5 to communicate with the first oil passage
C1, and the bottom-side flow control valve 176B allows
the arm cylinder bottom-side oil passage C6 to commu-
nicate with the second oil passage C2. The controller 30
outputs a predetermined control signal to the inverter 18C
and causes the motor-generator 300 to perform a regen-
eration operation.

[0052] As a result, part of hydraulic oil flowing out of
the boom cylinder 7 when the boom 4 moves downward
under its own weight reaches the boom cylinder rod-side
oil passage C3 through the first oil passage C1, flows
into the rod-side oil chamber of the boom cylinder 7, and
is used to lower the boom 4. Part of the hydraulic oil
reaches the arm cylinder rod-side oil passage C5 through
the first oil passage C1, flows into the rod-side oil cham-
ber of the arm cylinder 8, and is used to open the arm 5.
In addition, the rest of the hydraulic oil is supplied to the
oil hydraulic pump-motor 310 through the first oil passage
C1, and causes the oil hydraulic pump-motor 310 to func-
tion as an oil hydraulic motor.

[0053] Hydraulic oil flowing out of the bottom-side oil
chamber of the arm cylinder 8 is discharged to the hy-
draulic oil tank through the second oil passage C2.
[0054] Thus, in the second driving mode, the hybrid
excavator drives the boom cylinder 7 and the arm cylinder
8 and rotates the oil hydraulic pump-motor 310, using
hydraulic oil flowing out of the bottom-side oil chamber
of the boom cylinder 7 upon lowering of the boom. That
is, potential energy of the boom 4 can be effectively uti-
lized as hydraulic energy for driving the boom 4 and the
arm 5, and can be effectively utilized as kinetic energy
for rotating the oil hydraulic pump-motor 310.

[0055] Next, a state of the control valves 17 in a third
driving mode will now be described with reference to Fig.
8. Fig. 8 is a diagram depicting a state of the control
valves 17 in a third driving mode. In Fig. 8, black arrows
indicate that there are flows of hydraulic oil, and the thick-
er the arrows are, the greater the flow rates are. The
black arrows represent flows of hydraulic oil flowing out
of the boom cylinder 7.

[0056] In the third driving mode, the boom 4 performs
a boom-lowering operation under its own weight, and the
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arm 5 performs an arm-lowering operation under its own
weight. The hybrid excavator is in the third driving mode,
for example, during a boom-lowering swiveling operation
(the states CD7-CD1 depicted in Fig. 2). In the third driv-
ing mode, a bottom pressure is lower than a rod pressure
with respect to the boom cylinder 7, and a rod pressure
is higher than a bottom pressure with respect to the arm
cylinder 8.

[0057] In the third driving mode, the rod-side flow con-
trol valve 175R allows the boom cylinder rod-side oil pas-
sage C3 to communicate with the first oil passage C1,
and the bottom-side flow control valve 175B allows the
boom cylinder bottom-side oil passage C4 to communi-
cate with the first oil passage C1. The rod-side flow con-
trol valve 176R allows the arm cylinder rod-side oil pas-
sage C5 to communicate with the first oil passage C1,
and the bottom-side flow control valve 176B allows the
arm cylinder bottom-side oil passage C6 to communicate
with the first oil passage C1. The controller 30 outputs a
predetermined control signal to the inverter 18C and
causes the motor-generator 300 to perform a regenera-
tion operation.

[0058] As a result, part of hydraulic oil flowing out of
the boom cylinder 7 when the boom 4 moves downward
under its own weight reaches the boom cylinder rod-side
oil passage C3 through the first oil passage C1, flows
into the rod-side oil chamber of the boom cylinder 7, and
is used to lower the boom 4. Part of the hydraulic oil
reaches the arm cylinder bottom-side oil passage C6
through the first oil passage C1, flows into the bottom-
side oil chamber of the arm cylinder 8, and is used to
close the arm 5. The rest of the hydraulic oil is supplied
to the oil hydraulic pump-motor 310 through the first oil
passage C1 so that the oil hydraulic pump-motor 310
functions as an oil hydraulic motor.

[0059] Hydraulicoil flowing out ofthe rod-side oilcham-
ber ofthe arm cylinder 8 reaches the arm cylinder bottom-
side oil passage C6 through the first oil passage C1, flows
into the bottom-side oil chamber of the arm cylinder 8,
and is used to close the arm 5.

[0060] Thus, in the third driving mode, the hybrid ex-
cavator drives the boom cylinder 7 and the arm cylinder
8 and rotates the oil hydraulic pump-motor 310, using
hydraulic oil flowing out of the bottom-side oil chamber
of the boom cylinder 7 and hydraulic oil flowing out of the
rod-side oil chamber of the arm cylinder 8 upon lowering
of the boom and lowering of the arm. That is, potential
energy of the boom 4 and the arm 5 can be effectively
utilized as hydraulic energy for driving the boom 4 and
the arm 5, and can be effectively utilized as kinetic energy
for rotating the oil hydraulic pump-motor 310.

[0061] Next, a state of the control valves 17 in a fourth
driving mode will now be described with reference to Fig.
9. Fig. 9 is a diagram depicting a state of the control
valves 17 in a fourth driving mode. In Fig. 9, black arrows
and white arrows indicate that there are flows of hydraulic
oil, and the thicker the arrows are, the greater the flow
rates are. The black arrows represent flows of hydraulic
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oilflowing out of the boom cylinder 7, and the white arrows
represent flows of hydraulic oil flowing out of the arm
cylinder 8.

[0062] The fourth driving mode is a mode in which the
boom 4 performs a boom-lowering operation under its
own weight, and the arm 5 performs an arm-lowering
operation by being powered. The hybrid excavator is in
the fourth driving mode, for example, upon a transition
from a boom-lowering and swiveling operation to an ex-
cavating operation (the state CD1 depicted in Fig. 2). In
the fourth driving mode, a bottom pressure is greater than
a rod pressure with respect to the boom cylinder 7, and
a rod pressure is smaller than a bottom pressure with
respect to the arm cylinder 8.

[0063] Inthefourthdrivingmode, the rod-side flow con-
trol valve 175R allows the boom cylinder rod-side oil pas-
sage C3 to communicate with the first oil passage C1,
and the bottom-side flow control valve 175B allows the
boom cylinder bottom-side oil passage C4 to communi-
cate with the first oil passage C1. The rod-side flow con-
trol valve 176R allows the arm cylinder rod-side oil pas-
sage C5 to communicate with the second oil passage
C2, and the bottom-side flow control valve 176B allows
the arm cylinder bottom-side oil passage C6 to commu-
nicate with the first oil passage C1. In addition, the con-
troller 30 starts rotating the motor-generator 300 and the
oil hydraulic pump-motor 310 to cause the oil hydraulic
pump-motor 310 to function as an oil hydraulic pump.
[0064] As aresult, hydraulic oil flowing out of the boom
cylinder 7 and hydraulic oil discharged by the oil hydraulic
pump-motor 310 when the boom 4 moves downward un-
der its own weight merge at the first oil passage C1, part
of the hydraulic oil reaches the boom cylinder rod-side
oil passage C3 through the first oil passage C1, flows
into the rod-side oil chamber of the boom cylinder 7, and
is used to lower the boom 4. The rest of the hydraulic oil
flows into the arm cylinder bottom-side oil passage C6
through the first oil passage C1, flows into the bottom-
side oil chamber of the arm cylinder 8, and is used to
close the arm 5. The hydraulic oil discharged by the oil
hydraulic pump-motor 310 is used to compensate for a
shortage for a case where only the hydraulic oil flowing
out of the boom cylinder 7 is insufficient when the boom
4 moves downward under its own weight.

[0065] Hydraulicoil flowing out of the rod-side oil cham-
ber of the arm cylinder 8 is discharged to the hydraulic
oil tank through the second oil passage C2.

[0066] Thus, in the fourth driving mode, the hybrid ex-
cavator drives the boom cylinder 7 and the arm cylinder
8, using hydraulic oil flowing out of the bottom-side oil
chamber of the boom cylinder 7 upon lowering of the
boom. That is, potential energy of the boom 4 can be
effectively used as hydraulic energy for driving the boom
4 and the arm 5.

[0067] Next, a state of the control valves 17 in a fifth
driving mode will now be described with reference to Fig.
10. Fig. 10 is a diagram depicting a state of the control
valves 17 in a fifth driving mode. In Fig. 10, black arrows
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and white arrows indicate that there are flows of hydraulic
oil, and the thicker the arrows are, the greater the flow
rates are. The black arrows represent flows of hydraulic
oil discharged by the oil hydraulic pump-motor 310, and
the white arrows represent flows of hydraulic oil dis-
charged from the boom cylinder 7 and the arm cylinder 8.
[0068] The fifth driving mode is a mode in which the
boom 4 performs a boom-lifting operation by being pow-
ered, and the arm 5 performs an arm-lowering operation
by being powered. The hybrid excavator is in the fifth
driving mode, for example, at a beginning of an excavat-
ing operation (states CD1-CD2 depicted in Fig. 2). In the
fifth driving mode, a bottom pressure is smaller than a
rod pressure with respect to the boom cylinder 7, and a
rod pressure is smaller than a bottom pressure with re-
spect to the arm cylinder 8.

[0069] In the fifth driving mode, the rod-side flow con-
trol valve 175R allows the boom cylinder rod-side oil pas-
sage C3 to communicate with the second oil passage
C2, and the bottom-side flow control valve 175B allows
the boom cylinder bottom-side oil passage C4 to com-
municate with the first oil passage C1. The rod-side flow
control valve 176R allows the arm cylinder rod-side oil
passage C5 to communicate with the second oil passage
C2, and the bottom-side flow control valve 176B allows
the arm cylinder bottom-side oil passage C6 to commu-
nicate with the first oil passage C1. In addition, the con-
troller 30 starts rotating the motor-generator 300 and the
oil hydraulic pump-motor 310 to cause the oil hydraulic
pump-motor 310 to function as an oil hydraulic pump.
[0070] As a result, part of hydraulic oil discharged by
the oil hydraulic pump-motor 310 reaches the boom cyl-
inder bottom-side oil passage C4 through the first oil pas-
sage C1, flows into the bottom-side oil chamber of the
boom cylinder 7, and is used to lift the boom 4. The rest
of the hydraulic oil flows into the arm cylinder bottom-
side oil passage C6 through the first oil passage C1, flows
into the bottom-side oil chamber of the arm cylinder 8,
and is used to close the arm 5.

[0071] In addition, hydraulic oil flowing out of the rod-
side oil chamber of the boom cylinder 7 and the rod-side
oil chamber of the arm cylinder 8 are discharged to the
hydraulic oil tank through the second oil passage C2.
[0072] Thus, in the fifth driving mode, when it is not
possible to use hydraulic oil flowing out of the bottom-
side oil chamber of the boom cylinder 7 upon lowering
of the boom, the hybrid excavator drives the boom cyl-
inder 7 and the arm cylinder 8 using hydraulic oil dis-
charged by the oil hydraulic pump-motor 310.

[0073] Next, a state of the control valves 17 in a sixth
driving mode will now be described with reference to Fig.
11. Fig. 11 is a diagram depicting a state of the control
valves 17 in a sixth driving mode. In Fig. 11, black arrows
and white arrows indicate that there are flows of hydraulic
oil, and the thicker the arrows are, the greater the flow
rates are. The black arrows represent flows of hydraulic
oil flowing out of the boom cylinder 7 and flows of hy-
draulic oil flowing out of the oil hydraulic pump-motor 310,
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and the white arrows represent flows of hydraulic oil flow-
ing out of the arm cylinder 8.

[0074] The sixth driving mode is a mode in which the
boom 4 performs a boom-lifting operation by a reaction
force, and the arm 5 performs an arm-lowering operation
by being powered. The hybrid excavator is in the sixth
driving mode, for example, at the middle of an excavating
operation (the state CD2 depicted in Fig. 2). In the sixth
driving mode, a bottom pressure is greater than a rod
pressure with respect to the boom cylinder 7, and a rod
pressure is smaller than a bottom pressure with respect
to the arm cylinder 8.

[0075] In the sixth driving mode, the rod-side flow con-
trol valve 175R allows the boom cylinder rod-side oil pas-
sage C3 to communicate with the first oil passage C1,
and the bottom-side flow control valve 175B allows the
boom cylinder bottom-side oil passage C4 to communi-
cate with the second oil passage C2. The rod-side flow
control valve 176R allows the arm cylinder rod-side oil
passage C5 to communicate with the second oil passage
C2, and the bottom-side flow control valve 176B allows
the arm cylinder bottom-side oil passage C6 to commu-
nicate with the first oil passage C1. In addition, the con-
troller 30 starts rotating the motor-generator 300 and the
oil hydraulic pump-motor 310 to cause the oil hydraulic
pump-motor 310 to function as an oil hydraulic pump.
[0076] As aresult, hydraulic oil flowing out of the boom
cylinder 7 and hydraulic oil discharged by the oil hydraulic
pump-motor 310 when the boom 4 moves upward by a
reaction force merge at the first oil passage C1, and part
of the hydraulic oil flows through the first oil passage C1
to the arm cylinder bottom-side oil passage C6, flows into
the bottom-side oil chamber of the arm cylinder 8, and is
used to close the arm 5. The hydraulic oil discharged by
the oil hydraulic pump-motor 310 is used to compensate
for a shortage for a case where only the hydraulic oil
flowing out of the boom cylinder 7 is insufficient when the
boom 4 moves upward by a reaction force.

[0077] Hydraulicoil flowing out of the rod-side oil cham-
ber of the arm cylinder 8 reaches the boom cylinder bot-
tom-side oil passage C4 through the second oil passage
C2inwhole orin part, flows into the bottom-side oil cham-
ber of the boom cylinder 7, and is used to lift the boom
4. The rest of the hydraulic oil is discharged to the hy-
draulic oil tank through the second oil passage C2.
[0078] Thus, in the sixth driving mode, the hybrid ex-
cavator drives the arm cylinder 8, using hydraulic oil flow-
ing out of the rod-side oil chamber of the boom cylinder
7 upon lifting of the boom. That is, reaction energy of the
boom 4 can be effectively used as hydraulic energy for
driving the arm 5. The boom cylinder 7 is driven by hy-
draulic oil flowing out of the rod-side oil chamber of the
arm cylinder 8 upon lowering of the arm. That s, potential
energy of the arm 5 can be effectively used as hydraulic
energy for driving the boom 4.

[0079] Next, a state of the control valves 17 in a sev-
enth driving mode will now be described with reference
to Fig. 12. Fig. 12 is a diagram depicting a state of the
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control valves 17 in a seventh driving mode. In Fig. 12,
black arrows and white arrows indicate that there are
flows of hydraulic oil, and the thicker the arrows are, the
greater the flow rates are. The black arrows represent
flows of hydraulic oil flowing out of the boom cylinder 7
and flows of hydraulic oil flowing out of the oil hydraulic
pump-motor 310, and the white arrows represent flows
of hydraulic oil flowing out of the arm cylinder 8.

[0080] The seventh driving mode is a mode in which
the boom 4 performs a boom-lowering operation under
its own weight and the arm 5 performs an arm-lowering
operation by being powered. The hybrid excavator is in
the seventh driving mode, for example, in a cycle of an
excavating operation (the states CD2-CD3 depicted in
Fig. 2). In the seventh driving mode, a bottom pressure
is greater than a rod pressure with respect to the boom
cylinder 7, and a rod pressure is smaller than a bottom
pressure with respect to the arm cylinder 8.

[0081] In the seventh driving mode, the rod-side flow
control valve 175R allows the boom cylinder rod-side oil
passage C3 to communicate with the first oil passage
C1, and the bottom-side flow control valve 175B allows
the boom cylinder bottom-side oil passage C4 to com-
municate with the first oil passage C1. The rod-side flow
control valve 176R allows the arm cylinder rod-side oil
passage C5 to communicate with the second oil passage
C2, and the bottom-side flow control valve 176B allows
the arm cylinder bottom-side oil passage C6 to commu-
nicate with the first oil passage C1. In addition, the con-
troller 30 starts rotating the motor-generator 300 and the
oil hydraulic pump-motor 310 to cause the oil hydraulic
pump-motor 310 to function as an oil hydraulic pump.
[0082] As aresult, hydraulic oil flowing out of the boom
cylinder 7 and hydraulic oil discharged by the oil hydraulic
pump-motor 310 when the boom 4 moves downward un-
der its own weight merge at the first oil passage C1, part
of the hydraulic oil reaches the boom cylinder rod-side
oil passage C3 through the first oil passage C1, flows
into the rod-side oil chamber of the boom cylinder 7, and
is used to lower the boom 4. The rest of the hydraulic oil
reaches the arm cylinder bottom-side oil passage C6,
flows into the bottom-side oil chamber of the arm cylinder
8, and is used to close the arm 5. The hydraulic oil dis-
charged by the oil hydraulic pump-motor 310 is used to
compensate for a shortage for a case where only the
hydraulic oil flowing out of the boom cylinder 7 is insuffi-
cient when the boom 4 moves downward under its own
weight.

[0083] Hydraulicoil flowing out ofthe rod-side oilcham-
ber of the arm cylinder 8 is discharged to the hydraulic
oil tank through the second oil passage C2.

[0084] Thus, in the seventh driving mode, the hybrid
excavatordrives the boom cylinder 7 and the arm cylinder
8 using hydraulic oil flowing out of the rod-side oil cham-
ber of the boom cylinder 7 upon lowering of the boom.
That s, potential energy of the boom 4 can be effectively
used as hydraulic energy for driving the boom 4 and the
arm 5.
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[0085] Asdescribed above, the hybrid excavator of the
embodimentincludes the flow control valves respectively
at the rod sides and the bottom sides of the plurality of
hydraulic cylinders for controlling flow rates in accord-
ance with pilot pressures. Therefore, it is possible to per-
form regeneration using the flow control valves, without
needing extra valves for regeneration in addition to the
flow control valves for controlling flows of hydraulic oil to
the hydraulic cylinders.

[0086] The embodiments disclosed herein should be
considered in all respects to be exemplary and not re-
strictive. With respect to the above described embodi-
ments, omissions, substitutions, or modifications may be
made in various forms without departing from the ap-
pended claims and spirit thereof.

[0087] The presentinternational application claims pri-
ority under Japanese Patent Application No.
2019-065019, filed March 28, 2019, the entire contents
of which are incorporated herein by reference.

[Description of Symbols]

[0088]

1 Lower traveling body
1A Oil hydraulic motor

2 Swiveling mechanism
3 Upper swiveling body
4 Boom

5 Arm

6 Bucket

7 Boom cylinder

8 Arm cylinder

9 Bucket cylinder

10 Cabin

11 Engine

12 Motor-generator

13 Transmission

14 Main pump

14A Regulator

15 Pilot pump

16 High pressure oil hydraulic line
17 Control valve

18A Inverter

18C Inverter

19 Capacitor

20 Inverter

21 Swiveling motor

21A Rotating shaft

22 Resolver

23 Mechanical brake

24 Swiveling transmission
25 Pilot line

26 Operating device
26A Lever

26B Lever

26C Pedal

27 Oil hydraulic line



28
29
30
100
110
111
112
113
120
175B
175R
176B
176R
300
310
C1
Cc2
C3
C4
C5
C6
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Oil hydraulic line

Pressure sensor

Controller

Step-up and step-down converter
DC bus

DC bus voltage detecting unit
Capacitor voltage detecting unit
Capacitor current detecting unit
Electric Storage system
Bottom-side flow control valve
Rod-side flow control valve
Bottom-side flow control valve
Rod-side flow control valve
Motor-generator

Oil hydraulic pump-motor

First oil passage

Second oil passage

Boom cylinder rod-side oil passage
Boom cylinder bottom-side oil passage
Arm cylinder rod-side oil passage
Arm cylinder bottom-side oil passage

1. An excavator comprising
flow control valves respectively at rod sides and bot-
tom sides of a plurality of oil hydraulic cylinders, the
flow control valves being configured to control flow
rates in accordance with pilot pressures.

2. The excavator as claimed in claim 1, comprising:

a first oil passage connecting the flow control
valves with an oil hydraulic pump-motor which
functions as an oil hydraulic motor utilizing hy-
draulic oil flowing out of the plurality of oil hy-
draulic cylinders and functions as an oil hydrau-
lic pump; and

asecond oil passage connecting the flow control
valves with a hydraulic oil tank,

wherein

each of the flow control valves is configured to
switch between allowing and preventing com-
munication with the first oil passage and be-
tween allowing and preventing communication
with the second oil passage.

3. The excavator as claimed in claim 2,

wherein
the oil hydraulic pump-motor is mechanically
connected with a generator.

4. The excavator as claimed in claim 2, comprising:

a first oil hydraulic cylinder included in the plu-
rality of oil hydraulic cylinders,
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a rod-side flow control valve configured to con-
trol a flow of hydraulic oil to a rod side of the first
oil hydraulic cylinder; and

a bottom-side flow control valve configured to
control a flow of hydraulic oil to a bottom side of
the first oil hydraulic cylinder,

wherein

the bottom-side flow control valve is configured
to adjust a flow rate of hydraulic oil flowing from
the first oil hydraulic cylinder to the first oil pas-
sage when the first oil hydraulic cylinder imple-
ments gravity lowering.

5. The excavator as claimed in claim 4,

wherein

when the first oil hydraulic cylinder implements
gravity lowering, hydraulic oil flowing out of the
firstoil hydraulic cylinder into the first oil passage
is supplied to the oil hydraulic pump-motor.

6. The excavator as claimed in claim 4,

wherein

when the first oil hydraulic cylinder implements
gravity lowering, hydraulic oil flowing out of the
firstoil hydraulic cylinder into the first oil passage
is supplied to another oil hydraulic cylinder.

7. The excavator as claimed in claim 4,

wherein
when the first oil hydraulic cylinder implements
gravity lowering, hydraulic oil flowing out of the
firstoil hydraulic cylinder into the first oil passage
is supplied to the rod side of the first oil hydraulic
cylinder.
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