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DESCRIPTION
Titleof Invention: HYDRAULIC DRIVE SYSTEM OF CONSTRUCTION MACHINE
Technical Field

(00017 The present tnvention relates to a hydraulic drive system of a construction machine.

Background Art

[0002] Construction machines, such as hydraulic exeavators and hydraulic cranes, perform
various work by means of a hydraulic drive system. For example, Patent Literature 1 discloses
a hydraulic drive system in which hydraulic il is supplied from a variable displacement pump to
a turning motor via a turning control valve,

[0003] To be specific, m the hydraulic drive system disclosed in Patent Literature 1, the
turning motor is connected to the turning conirol valve by a pair of supply/discharge lines.  The
turning control valve includes a pair of pilot ports that are connected 1o a turning operation
device by a pair of pilot lines.  The turning operation device is a pilot operation valve that
outputs g ptlot pressure corresponding to the inclination angle of an operating lever to the turning
control valve,

100047 The tilting angle of the pump is adjusted by a flow rate adjuster (in Patent Literature
1, aregulator 15a). The flow rate adjuster is controlled by a controller, such that the tilting
angle of the pump jucreases in accordance with increase in the pilot pressure outputted from the

turning operation valve.

Citation List
Patent Literature
f0005] PTL L Japanese Laid-Open Patent Application Publication No. 2014-125774

Summary of Invention

Technical Problem

[0006] When turning is stopped suddenly, since the turning control valve is returned to its
neutral position immediately, the hydraulic oil discharged from the turning motor is blocked by
the turning control valve, and thereby the pressure increases immediately.  Consequently, one of
relief valves provided on relief lines that branch off from the pair of supply/discharge lines
functions as a brake.  On the other hand, at a time when the speed of tumning is lowered
gradually (hereinafter, “at the time of gradual turning deceleration™), the opening area at the

meter-out side of the turning conirol valve functions as a restrictor for the hydraulic oil returned



b

from the turning motor to the tank, and thereby a brake is applied.

{0007] However, even at the time of gradual turning deceleration, the discharge flow rate of
the pump is adjusted by the flow rate adjuster to a flow rate corresponding 1o the inclination
angle of the operating lever of the turning operation device.  That is, even though no energy for
rotating the turning motor is required, a large amount of encrgy is consumed for driving the
pump.

{0008] In view of the shove, an ohject of the present invention is to provide a hydraulic
drive system of a construction machine, the hydraulic drive system being capable of reducing

energy consutnption at the time of gradual turning deceleration.

Solutien o Problem

[0009] In order to solve the above-described problems, a hydraulic drive system of' a
construction machine according to the present invention includes: a variable displacement pump
that supplies hydraulic oil to a turning motor via a turning control valve; a pair of
supply/discharge lines that connect the turning motor and the turning control valve; a pair of
make-up lines that connect the pair of supply/discharge lines to a tank, respectively, each
make-up line being provided with a check valve that allows a flow from the tank fo a
corresponding one of the supply/discharge lines and blocks a reverse flow; a turning operation
device including an operating lever and outpuiting an operation signal corresponding to an
inclination angle of the operating lever; a flow rate adjuster that adjusts a tilting angle of the
pump; and a controller that controls the flow rate adjuster, such that the tilting angle of the pump
increases in accordance with increase in the aperation signal outputted from the tuming
operation device.  The controller: when the operation signal outputted from the turning
operation device increases and when the operation signal outputted from the turning operation
device is constant, controls the flow rate adjuster such that a discharge flow rate of the pump
changes on a first regulation line; and when the operation signal outputted from the turning
operation device decreases, controls the flow rate adjuster such that the discharge flow rate of the
pump changes on a second regulation line, the second regulation line having a slope less than a
slope of the first regulation line.

{0010} According to the above configuration, the discharge flow rate of the pump is kept
low at the time of turning deceleration, including at the time of gradual turning deceleration.
Even when the discharge flow rate of the pump is insufficient as a necessary flow rate for
rotating the turning motor, the shortfall amount of hydraulic oil is supplied to the turning motor

through the make-up line.  Thus, at the time of gradual turing deceleration, enerpy



consumption can be reduced by an amount corresponding to the lowering of the discharge flow
rate of the pump.

10011} For example, the flow rate adjuster may include: a flow rate adjusting piston that
operales a servo piston via a spool, such that the tilting angle of the pump increases in
accordance with increase in a signal pressure; and a solenoid proportional valve of a direct
proportional type, the solenoid proportional valve being fed with a command current from the
controller and outputting a secondary pressure as the signal pressure.  The coniroller may store
a first sloped line and a second sloped line as relationship lines, the second sloped line having a
slope less than a slope of the first sloped line, the relationship lines each indicating a refationship
between the operation signal outpuited from the turning operation device and the command
current..  The controller may: when the operation signal outputted from the {urning operation
device increases and when the operation signal outputied from the turning operation device is
constant, determine the command current by using the first sloped line; and when the operation
signal outputied from the turning operation device decreases, determine the command current by
using the second sloped line,

{0012} The consiruction machine may be a hydraulic excavator.  The pump may be a first
pump. The turning control valve may be connected to the first pump by a pump line and
connected to the tank by a tank line.  The hydraulic drive system may further inchude: an arm
first control valve connected to the fivsi pump by a pump line and connected to the tank by a tank
line; a second pump that is a variable displacement pump; an arm second control valve
connected to the second pump by a pump line and connected to the tank by 4 tank line; a pair of
first solenoid proportional valves connected 1o a pair of pilot ports of the arm first control valve;
a pair of second solenoid proportional valves conneeted to a pair of pilot ports of the arm second
control valve; and an arm operation device including an operating lever and outputting an
operation signal corresponding to an inclination angle of the operating lever.  The controller
may: at a non-special fime when a turning deceleration operation ts performed not concurrently
with an arm operation, feed command currents to one of the first solenoid proportional valves
and one of the second solenoid proportional valves, respectively, the command currents each
corresponding to the operation signal outpuited frorn the grm operation device; and at a special
time when the turning deceleration operation is performed concurrently with the arm operation,
set the command current fed to the one first solenoid proportional valve to zero, and feed a
special commuand current to the one sccond solenoid proportional valve, the special command
current corresponding to the operation signal outputted from the arm operation device and being

a result of multiplying, by predetermined timoes, the command current that is fed to the one



second solenoid proportional valve at the non-special time.  According to this configuration,
alse in a case where a turning deceleration operation is performed concurrently with an arm
operation, the advantage that encrgy consumption can be reduced can be obtained.

[0013] The pair of make-up lines, the tank line connecting the turning control valve to the
tank, the tank line connecting the arm first control valve to the tank, and the tank line connecting
the arm second control valve to the tank may merpe together to form a single shared line that
connects to the tank, and the shared line may be provided with a spring-equipped check valve,
According to this configuration, since the pressure of cach make-~up Hoe is kept higher than or
equal to the cracking pressure of the spring-equipped check valve, the supply of the hydraulic oil

to the turning wotor through the make-up line is performed smoothly.

Advaniageous Effects of Invention
10014} The present invention makes it possible to reduce energy consumption gt the time of

gradual turning deceleration.

Brief Description of Drawings
[0015] Fig. 1 is a main circuit diagraro of g hydraulic drive system according to
Embodiment 1 of the present invention.

Fig. 2 is an operation-related circuit diagram of the hydraglic drive system according
to Embodiment 1.

Fig. 3 is'a side view of a hydraulic excavator that is one example of a construction
machine.

Fig. 4 shows a schematic configuration of a flow rate adjuster.

Fig. 5 i5 a graph showing a first sloped line and a second sloped ling that are
relationship lines each indicating a relationship between the inclination angle of an operating
lever of a turning operation device (i.¢., an operation signal outputied from the turning operation
device) and & turning motor supply flow rate command current.

Fig. 6 is a graph showing a relationship between the inclination angle of the
operating lever of the turning operstion device and the discharge flow rate of a main pump ina
case where a turning operation is performed alone.

Fig. 7 is a main circuit diagram of the hydraulic drive system according to a
variation.

Fig. 8 is an operation-related circuit diagram of a hydraulic drive system according

to Embodiment 2 of the present invention.



Fig. 9A ts a graph showing a relationship between the inclination angle of an
operating lever of an arm operation device (i.e., an operation signal outputied from the arm
operation device) and an arm second control valve command current, and Fig. 98 is a graph
showing a relationship between the inclination angle of the operating lever of the arm operation
device and an arm first control valve command current.

Fig. 10A is a graph showing a relationship between the inclination angle of the
operating lever of the arm operation device and the discharge flow rate of a second main pump,
and Fig. 108 is a graph showing a relationship between the inchnation angle of the operating
tever of the arm operation device and the discharge flow rate of a first main purp.

Fig. 11 is a main civcuit diagram of the hydraulic drive sysiem according to ancther

variation.

Deseription of Embodiments
{(016] {(Erabodiment 1}

Fig. 1 and Fig. 2 show a hydraulic drive aysiem 1A of 4 construction machine
according to Embodiment 1 of the present invention.  Fig. 3 shows a construction machine 10,
in which the hydraulic drive system 1A is installed.  Although the construction machine 10
shown in Fig. 3 ¢ a hydraunlic excavaior, the present invention is applicable to other construction
machines, such as a hydraulic crane,
{O017] The hydraulic drive system 1A includes the following hydraulic actuators: a boom
eylinder 11, an arm cylinder 12, and a bucket eylinder 13, which are shown in Fig. 3; a turning
motor 14 shown in Fig. 1; and a pair of right and left running motors, which is not shown,  As
shown in Fig. 1, the hydraulic drive system 1A further includes a first main pump 21 and a
second main putnp 23 for supplying hydraulic oil to these actustors, It should be noted that, in
Fig. 1, the actuators other than the turning motor 14 are not shown for the purpose of simplifving
the drawing.
{0014} The first main pump 21 and the second main pump 23 are driven by an engine 26.
The engine 26 also drives an auxiliary pump 28,
[0019] The first main purap 21 and the second main pump 23 are variable displacement
pumps, each of which discharges the hydraulic ¢l at a flow rate corresponding to iis tilting angle.
In the present embodiment, the first main pump 21 and the second main pump 23 arc each a
swash plate pump, the tilting angle of which is defined by a swash plate angle. However, as an
alternative, the first main punyp 21 and the second main pump 23 may each be a bent axis pump,

the tilting anple of which is defined by an angle formed by a drive shaft and a cylinder block,



[0020] The discharge flow rate Q1 of the first main pump 21 and the discharge flow rate Q2
of the second main pump 23 are controlied by electrical positive control.  To be specific, the
filting angle of the first main pump 21 is adjusted by a first Bow raie adjuster 22, and the tilting
angle of the second main pump 23 is adjusted by a second flow rate adjuster 24, The first flow
rate adjuster 22 and the second fow rate adjuster 24 will be deseribed in detail below.

[0021] A first center bleed line 31 extends from the first main pump 21 toatank. A
pluralily of control valves including an arm first control valve 41 and a turning control valve 43
are disposed on the first center bleed line 31 (the other conirol valves than the arm first control
valve 41 and the turning control valve 43 are not shown on the first center bleed line 313, Each
of the plurality of control valves is connected to the first main pump 21 by a pump line 32,

That is, the control valves on the first center bleed line 31 are connected to the first main pump
21 in parallel.  Also, each of these control valves is connected to the tank by a tank line 33,
(0022 Similarly, a second center bleed line 34 extends from the second main pump 23 o
the tank. A plurality of control valves including an arm second countrol valve 42 and a bucket
control valve 44 are disposed on the second center bleed line 34 (the other control valves than
the arm second control valve 42 and the backet control valve 44 are not shown on the second
center bleed line 343, Each of the plurality of control valves is connected to the second main
pump 23 by a pump line 35, That is, the conirol valves on the second center bleed line 34 are
connected 1o the second main pump 23 in parallel.  Also, each of these control valves is
conmected to the tank by a tank line 36,

(00231 The arm first control valve 41 controls, together with the arm second control valve
42, the supply and discharge of the hydraulic ¢il to and from the arm cylinder 12, That is, the
hydraulic ol is supplied from the first main pump 21 to the arm cylinder 12 via the arm first
control valve 41, and the hydraunlic oil is supplied from the second main pump 23 to the arm
cylinder 12 via the arm second control valve 42,

100241 The turning conirol valve 43 controls the supply and discharge of the hydraulic oil to
and from the turning motor 14, That is, the hydraulic oil is supplied from the first main pump
21 to the turning motor 14 via the turning control valve 43, To be specific, the turning motor 14
is connected to the turning control valve 43 by a pair of supply/discharge lines 61 and 62,

Relief lines 63 braunch off from the supply/discharge lines 61 and 62, respectively, and the relief
lines 63 connect to the tank.  Each relief line 63 is provided with a relief valve 64, The
supply/discharge lines 61 and 62 are connected to the tank by a pair of make-up lines 65,
respectively.  Bach make-up line 65 is provided with a check valve 66, which allows a flow

from the tank to the supply/discharge Hne (61 or 62) and blocks the reverse flow,



10025] The bucket control valve 44 controls the supply and discharge of the hydraulic ofl to
and from the bucket evlinder 13, That 1s, the hydraulic oil is supplied from the second main
pump 23 to the bucket cylinder 13 via the bucket control valve 44.

G261} Although not illustrated, the conirol valves on the second center bleed line 34
include a boom st control valve, and the control valves on the first center bleed line 31 include
a boom second control valve.  The boom second countrol valve is a control valve dedicated for
boom raising operation.  That is, st the time of performing 8 boom raising operation, the
hydraulic oil 15 supplied to the boom c¢ylinder 11 via the boom first control valve and the boom
second control valve, whereas ai the time of performing a boom lowering operation, the
hydraulic oil is supplied to the boom cylinder 11 only via the boom first control valve.

(00271 As shown in Fig. 2, the arm first control valve 41 and the arm second control valve
42 are operated by an arm operation device 51; the turning control valve 43 is operated by a
turning operation device 54; and the bucket control valve 44 is operated by a bucket operation
device 57.  Each of the arm operation deviee 51, the turning operation device 54, and the bucket
operation device 57 includes an operating lever, and ouiputs an operation signal corresponding to
the inclination angle of the operating lever.

{3028} In the present embodiment, each of the arm operation device 51, the turning
operation device 54, and the bucket operation device 57 is a pilot operation valve that outputs a
pilot pressure corresponding to the inclination angle of the operating lever.  Accordingly, the
arm operation device 51 is connected to a pair of pilot ports of the arm first control valve 41 by a
pair of pilot lines 52 and 53 the turning operation device 54 is connected 1o a pair of pilot poris
of the turning control valve 43 by a pair of pilot lines 55 and 56; and the bucket operation device
57 is connected 1o a pair of pilot ports of the bucket control valve 44 by a pair of pilot lines 58
and 59. A pair of pilot ports of the arm second control valve 42 is connected to pilot lines 52
and 53 by a pair of pilot lines 52a and 33a, It should be noted that each of the operation devices
may be an electrical joystick that outputs an electrical signal corresponding 1o the inclination
angle of the operating lever, and a pair of solenoid proportional valves may be connected to the
pilot ports of each control valve.

100291 The pilot lines 52, 53, 55, 56, S8, and 59 are provided with pressure sensors 81 to 86,
respectively, each of which detects a pilot pressure. It should be noted that the pressure sensors
&1 and 82, each of which detects a pilot pressure outputted from the arm operation device 51,
may be provided on the pilot lines 52a and 53a, respectively.

{0030} The first flow rate adjuster 22 and the second flow rate adjuster 24 are electrically

controlled by a controller 8 For example, the controller 8 is a computer including a CPU and



memories such as a ROM and 3 RAM.,  The CPU executes a program stored in the ROM.  The
controlier 8 controls the first flow rate adjuster 22 and the second flow rate adjuster 24, such that
the tilting angle of the first main pump 21 andfor the second main pump 23 increases in
aceordance with increase in the pilot pressures (operation signals) detected by the pressure
sensors 81 to 86, For example, when a turning operation is performed alone, the controller 8
controls the first How rate adjuster 22, such the tilting angle of the first main pump 21 increases
in accordance with increase in the pilot pressore outputied from the turning operation device 54.
[0031] The first flow rate adjuster 22 and the second flow rate adjusier 24 have the same
structure.  Therefore, in the description below, the structure of the first flow rate adjuster 22 is
described as a representative example with reference to Fig. 4.

{0032] The firet flow rate adjuster 22 includes a servo piston 71 and an adjustment valve 73,
The serve piston 71 changes the tilting angle of the first main pump 21, and the adjustment valve
73 15 intended for driving the servo piston 71, Tn the first flow rate adjuster 22, a first pressure
receiving chamber 7a and a second pressure receiving chamber 7b are formed.  The discharge
pressure Pd of the first main punp 21 18 led into the first pressure receiving chamber 7a, and a
control pressure Pe is led into the second pressure receiving chamber 7b. The servo piston 71
includes a first end portion and a second end portion.  The second end portion has g greater
diameter than that of the first end portion.  The first end portion is exposed in the first pressure
receiving chamber 7a, and the second end portion is exposed in the second pressure receiving
chamber 7h.

{00331 The adjustruent valve 73 1s intended for adjusting the control pressure Poled into the
second pressure receiving chamber 7h.  To be specific, the adjustment valve 73 includes a spool
74 and a sleeve 75, The spool 74 moves in a direetion to increase the control pressure Po (in
Fig. 4, to the right}, and also moves in a divection to decrease the control pressure Pe (in Fig. 1,
to the left). The sleeve 75 accommodates the spocl 74,

{0034} The servo piston 71 is coupled to g swash plate 21a of the first main pump 21, such
that the servo piston 71 is movable in its axial direction.  The sleeve 75 is coupled to the servo
piston 71 by a feedback lever 72, such that the sleeve 75 is movable in the axigl direction of the
servo piston 71 In the sleeve 75, a pump port, a tank port, and an output port are formed (the
output port communicates with the second pressure receiving chamber 7b).  The output port is
blocked from the pump port and the tank port, or communicates with the pump port or the tank
port, in gecordance with the positions of the slecve 75 and the spool 74 relative to each other
Depending on the specifications, the cutput port may communicate with both the pump port and

the tank port,  When a How rate adjusting piston 76, which will be described below, moves the



spool 74 in the direction to increase the control pressure Pe or in the direction to decrease the
control pressure Pe, the spool 74 and the sleeve 75 are brought to positions relative to each other
such that forces applied from both sides of the servo piston 71 {each force = pressure » pressure
receiving area of the servo piston) are balanced, and thereby the control pressure Pe is adjusted,
When the control pressure Pe increases, the servo piston 71 moves to the left in Fig. 4, and the
angle of the swash plate 21a (the tilting angle of the first main pump 21) decreases.
Consequently, the discharge flow rate (31 of the first main pump 21 decreases.  When the
conirol pressure Pe decreases, the servo piston 71 moves to the right in Fig. 4, and the angle of
the swash plate 213 tnereases.  Conseguently, the discharge flow rate {31 of the first main pump
21 increases.

[0035] The first flow rate adjuster 22 includes the flow rate adjusting piston 76 and a spring
77. The tlow rate adjusting piston 76 18 intended for driving the spool 74, The spring 77 is
dispused opposiie to the flow rate adjusting piston 76, with the spool 74 being positioned
between the spring 77 and the flow rate adjusting piston 76, The spool 74 is pressed by the
flow rate adjusting pision 76 to move in the direction to deerease the control pressure Pe (e, In
a flow rate increasing direction), and is moved by the urging force of the spring 77 in the
direction to increase the control pressure Pe (i.e., in g flow rate decreasing divection),

[0036] Further, an actuating chamber 7¢, which applics a signal pressure Pp to the flow rate
adiusting piston 76, is formed in the first flow rate adjuster 22.  The higher the signal pressure
Pp, the more the flow rate adjusting piston 76 moves the spool 74 in the direction to decrease the
control pressure Pe (Le., in the flow rate increasing divection),  In other words, the flow rate
adjusting piston 76 operates the servo piston 71 via the spool 74, such that the tilting angle of the
first main pump 21 increases in accordance with increase in the signal pressure Pp.

100371 The first tlow rate adjuster 22 further includes a solenoid proportional valve 79,
which is connected to the actualing chamber 7c by a signal pressure line 78, The solenoid
proportional valve 79 is connected to the aforementioned auxiliary pump 25 by a primary
pressure line 37, A relief line branches off from the primary pressure line 37, and the relief line
is provided with a relief valve 38.

(00381 The solenoid proportional valve 79 is fod with a comrmand current [ from the
controlier 8 The solenoid proportional valve 79 is a direct proportional valve whose secondary
pressure increases in accordance with increase in the command current I, and outputs the
secondary pressure, which corresponds to the coramand current 1, as the aforementioned signal
pressure Pp.

[0039] Next, the control of the first flow rate adjusier 22 performed by the controller § is
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deseribed in detail (the description of the control of the second flow rate adjuster 24 is omitted
herein).

[0040] The command current | fed from the controller 8 to the solenoid proportional valve
79 of the first flow rate adjuster 22 varies depending on whether a turning operation, an arm
operation, or the like is performed alone or concurrently with another operation.  Hereinafter, as
one example, a case where a turning operation is performed alone is described.

(D041} In a case where a turning operation i3 performed alone, as shown in Fig, 6, when the
pilot pressure (pperation signal) ontputied from the turning operation device 34 increases (1.e., at
the time of turning acceleration) and when the pilot pressure ouiputted from the tuming
operation device 54 is constant (i.c., at the time of constant speed turning), the controller 8
controls the first flow rate adjuster 22, such that the discharge flow rate Q1 of the first main
pump 21 changes ona first regulation line D1, On the other hand, when the pilot pressure
putputted from the trning operation device 34 decreases (1.e., al the time of turning
deceleration), the controller 8 controls the first flow rate adjuster 22, such that the discharge flow
rate 1 of the first yoain pump 21 changes on a second regulation line D2, The second
regulation ling D2 has a slope less than the slope of the first regulation line DL

(0042} To be specific, as shown in Fig, §, the controller & stores a first sloped line Ll and a
sceond sloped hine 1.2 as relationship lines.  The second sloped line L2 has a slope less than the
stope of the first sloped line L1, These relationship lines each indicate a relationship between
the pilot pressure (operation signal} outputied from the turning operation device 54 and a turning
miotor supply flow rate command current Is.

00431 At the time of turning acceleration and at the time of constant speed turning, the
controller 8 uses the first sloped line L1 {o determine the turning motor supply flow rate
commend current s, At the time of turning deceleration, the controller 8 uses the second
sloped line L2 to determine the turning motor supply flow rate conumand current Is. That is,
when the angle of the operating lever of the turning operation device 54 is reduced from a
predetermined angle, the turning motor supply flow rate command current Is rapidly changes
from a point on the first sloped line L1 to a point on the second sloped line L2,

100443 In 3 case where g turning operation is performed alone, the command current [ fed
from the controller 8 to the solenocid proportional valve 79 is equal o the turning motor supply
flow rate command current Is {I=1Is). It should be noted that ina case where a turning
operation is performed concurrently with an arm operation, the command current 1 is the sum of
the turning motor supply flow rate command current Is and an arm cylinder supply flow rate

comimand current fa (I = Is + Ia).
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[0045] The above-described determination of the turning motor supply flow rate command
current Is at the time of turning deceleration, in which the second sloped line 1.2 is used, i3
performed not only in a case where a turning operation is performed alone, but also, at least,
either in a case where 3 turning deceleration operation is performed concurrently with a boom
lowering operation or in a case where a turning deceleration operation is performed concurrently
with a bucket operation {a bucket-in operstion or a bucket-out operation).  In other cases, even
at the time of turning deceleration, the first sloped line L1 is used to determine the turning motor
supply flow rate command current Is.

[0046] As described above, in the hydraulic drive system 1A of the present embodiment, the
discharge flow rate Q1 of the first main pump 21 is kept low at the time of turning deceleration,
including at the tine of gradual turning deceleration.  Even when the discharge flow rate Q1 of
the first main pump 21 is tnsufficient ag a necessary flow rate for rotating the turning motor 14,
the shortfall amount of hydraulic oil is supplied to the turning motor 14 through the make-up line
65.  Thus, at the time of gradual turning deceleration, energy consumption can be reduced by an
ameount corresponding to the lowering of the discharge flow rate Q1 of the {irst main pump 21
100471 As shown in Fig. 7, desirably, the pair of make-up lines 65 merges with all the tank
lines 33 of the first main pump 21 side and all the tank lines 36 of the second main pump 23 side
to form a single shared line 15, which connects to the tank.  In the example shown in Fig. 7, the
first center bleed Hne 31 and the second center bleed line 34 merge with the pair of make-up
lines 65 to form the single shared line 15,  More desirably, the shared line 15 is provided with a
spring-equipped check valve 16, which allows a flow toward the tank and blacks the reverse flow.
According 1o such a configuration, since the pressure of cach make-up line 63 is kept higher than
or equal to the cracking pressure of the spring-equipped check valve 16, the supply of the
hydraulic oil to the tuming motor 14 through the make-up line 63 is performed smoothly.

100487 {Embodiment 2)

Fig. 8 shows g hydraulic drive system 1B of a construction machine according to
Embodiment 2 of the present invention. It should be noled that, in the present embodiment, the
same components as those described in Embodiment 1 are denoted by the same reference signs
as those used in Embodiment 1, and repeating the same descriptions is avoided.

0049} The main cirewit of the hydraulic drive system 1B of the present embodiment is the
same as the main cirouit of the hydraulic drive system 1A of Embodiment 1 shown in Fig. 1.
The only difference of the hydraulic drive system 1B from the hydraulic drive system 1A is that
the arm operation device 51 is an clectrical joystick.  That is, the arm operation device 51

outputs an clectrical signal {operation signal) corresponding to the inclination angle of the
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operating lever directly to the controller 8, Accordingly, the pair of pilot ports of the arm first
control valve 41 is connected to a pair of first selencid proportional valves 91 by the pilot lines
52 and 53, and the pair of pilot ports of the arm second control valve 42 13 connected to a pair of

second solenoid proportional valves 92 by the pilot lines 52a and 338, The first soleneid

auxiliary pump 25 {see Fig. 1) by a primary pressure line 39,

{30507 In the present embodiment, in g case where a turning operation 18 performed alone,
in a case where a turning deceleration operation is performed concurrently with a boom lowering
operation, and in a case where a turning deceleration operation i3 performed concurrently with a
bucket operation, similar to Embodiment 1, the controller 8 determines the turning motor supply
How rate conunand corrent Is by using the second sloped line L2 gt the tirae of tuming
deceleration. Further, in the present embodiment, also in a case where a turning deceleration
operation is performed concurrently with an arm operation (an arm crowding operation or an arm
pushing operation), the controller 8 determines the turning motor supply flow rate command
current Is by using the second sloped line L2 at the time of turning deceleration.

J6051] To be specific, at a non-special time, 1.e., al 2 ime when a turning deceleration
operation is performed not concurrently with an arm operation, as indicated by solid line in Figs.
9A and 9B, the controller 8 feeds a comumand current g and a comumand current [2a to one of
the first solenoid proportional valves 21 and one of the second solenoid proportional valves 92,
respectively, the command currents 11a and 12a each corresponding to the electrical signal
{(operation signal) outputied from the arm operation device 51, [t should be noted that examples
of the non-special time include: a time when an arm operation is performed alone; a time when
an grm operation and a boom lowering operation are performed concurrently; and a time when
an arm operation and a bucket operation are performed concurrently.

100521 On the other hand, at a special time, Le., at a time when a turning deceleration
operation is performed concurrently with an arm operation, as indicated by dashed line in Fig.
9B, the controller 8 sets a command current [1b fed to the one first selenoid proporiional valve
21 to zero, and also, as indicated by dashed line in Fig, 9A, the controller 8 feeds a special
command current 125 to the one second solenoid proportional valve 92, The special command
current I2b corresponds to the electrical signal ouiputted from the arm operation device 51, and
15 g result of multiplying, by predetermined times, the command current 12a, which 1s fod to the
one second solenecid proportional valve 92 at the non-special time. [t should be noted that
examples of the special time include: a time when an arm operation and a turning deceleration

operation are performed concurrently; and a time when low-load work, such as a boom lowering
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operation or a bucket operation, is performed in addition to such concurrently performed
operations.  The “predetermined times” means a number of times of multiplication that brings
the opening arca of the arm second control valve 42 at a special time to be equal to the sum of
the opening area of the arm first control valve 41 and the opening area of the arm second control
valve 42 at g non-special {ime.
[0053] It should be noted that, as shown in Fig. 104, the discharge flow rate 32b of the
second main purap 23 at a special time 1s higher than the discharge flow rate (3Z2a of the second
main pump 23 at 2 non-special time by a flow rate AQ1, which is supplied from the first main
pump 21 to the arm first control valve 41 at a non-special time.  Also, as shown in Fig. 108, the
discharge flow rate (31D of the first main pump 21 &t 4 special time is lower than the discharge
flow rate Qla of the first main pump 21 at a non-special ime as described in Embodiment 1.
(0054 In the present embodiment, not only in the same case as that described in
Embodiment 1, but also in a case where a combined operation is performed, Le., a case where a
turning deceleration operation is performed concurrently with an arm operation, the advantage
that energy consumption is reduced can be obtained.  In addition, although the energy
consumption is reduced, the flow rate flowing iuto the arm cylinder 12 does not change.  For
this reason, operation feeling when performing the combined operation is not negatively affected.
In other words, an advantage that the speed of the arm eylinder 12 18 not lowered can also be
obtained.
[O055] {Other Embodiments)

The present invention is not limited to the above-described Embodiments 1 and 2,
Various medifications can be made without departing from the spirit of the present invention.
{0056} For example, depending on the type of the construction machine, the second main
pump 23 can be eliminated.  Also, as shown in Fig. 11, the first center bleed line 31 and the

second center bleed line 34 may be eliminated in Embodiment 1 and Embodiment 2.

Reference Signs List
(00571 1A, 1B hydraulic drive system
18 construction machine
12 arm eylinder
14 turning motor
15 shared line
16 spring-equipped check valve

21 first main pump
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22 first flow rate adjuster

23 second main pump

24 second flow rate adjuster
32,35 pumpline

33,36 tank line

41 arm first control valve

42 arm second control valve
43 turning control valve

31 arm operation device

54 turning operation device
61,62 supply/discharge line
65 make-up line

66 check valve

71 servo piston

74 spool

76 flow rate adjusting piston
79 solenoid proportional valve
§ controller

91 first solenoid proportional valve

92 second solenoid proportional valve



CLAIMS
1. Ahydraudic drive system of a construction machine, comprising:

a variable displacement pump that supplies hydraulic oil to a furning motor via a
turning control valve;

a pair of supply/discharge lines that connect the turning motor and the turning
control valve;

a pair of make-up lines that connect the pair of supply/discharge lines to a tank,
tespectively, each make-up line being provided with a check valve that allows a flow from the
tank to a corresponding one of the supply/discharge lines and blocks a reverse flow;

a turning operation device including an operating lever and outputting an operation
signal corresponding to an inclination angle of the operating lever;

a flow rate adjuster that adjusts a tilting angle of the pump; and

a controller that controls the flow rate adjuster, such that the tilting angle ofthe
pump increases in accordance with increase in the operation signal cutputied from the turning
operation device, whergin

the controller:

when the operation signal cutputted from the turning operation device increases
and when the operation signal outputied from the turning operation device is constant, controls
the flow rate adjuster such that a discharge flow rate of the pump changes on a first regulation
line; and

when the operation signal sutputted from the turning operation device decreases,
controls the flow rate adjuster such that the discharge flow rate of the pump changes on a second
‘regulation line, the second regulation line having a slope less than a slope of the first regulation

ine.

2. The hydranlic drive system of a construction machine according to claim 1, wherein
the flow rate adjuster includes:
a flow rate adjusting piston that operates a servo piston via a spool, such that the
tilting angle of the pump increases in accordance with increase in a signal pressure; and
a solenoid proportional valve of a direct proportional type, the solensid
proportional valve being fed with a command current from the controller and outputting a
secondary pressure as the signal pressure,
the controller stores a first sloped line and a second sloped line as relationship lines,

the second sloped line having a slope less than a slope of the first sloped line, the relationship
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lines cach indicating a relationship between the operation signal outputied from the turning
operation device and the comroand current, and
the controller:
when the operation signal outpuited from the turning operation device increases
and when the operation signal oufputted from the turning operation device is constant,
determines the command current by using the first sloped line; and
when the operation signal ouiputted from the tuming operation device decreases,

determines the command current by using the second sloped hine.

3. The hydraulic drive system of a construction machine according to claim 1 or 2,
wherein

the construction machine is g hydraulic excavator,

the pump is a first pump,

the turning conirol valve is connected to the first pumnp by & pump Hue and
connected to the tank by a tank ling,

the hydraulic drive system further comprises:

an arm first control valve connected to the first pump by 8 pump line and connected
to the tank by a tank ling;

a second pump that is a variable displacement pump;

an arm second control valve connected to the second pump by a pump hine and
connected 1o the tank by a tank line;

3 pair of first solenoid proportional valves connected fo a pair of pilot ports of the
arm first control valve;

a pair of second solenoid proportional valves connected to a pair of pilot ports of the
arm second control valve; and

an arm operation device inchuding an operating lever and outputting an operation
signal corresponding to an inclination angle of the operating lever, and

the controller:

at a non-special time when a turning deceleration operation s performed not

concurrenily with an arm operation, feeds command currents to one of the first solenoid
proporiional valves and one of the sccond solenoid proportional valves, respectively, the
command currents each corresponding to the operation signal outputted from the arm operation
device: and

at a special time when the turning deceleration operation is performed
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concurrently with the arm operation, sets the command current fed to the one first solenoid
proportional valve to zero, and feeds a special command current to the one second solenoid
proportional valve, the special command carrent corresponding to the operation signal outputted
from the arm operation device and being a result of multiplying, by predetermined times, the
command current that iz fod to the one second solenoid proportional valve at the non-special

e,

4, The hydraulic drive system of a construction maching accerding to claim 3, wherein

the pair of make-up lines, the tank line connecting the turning control valve to the
tank, the tank line connecting the arm first control valve to the tank, and the tank line connecting
the artn second control valve to the tank merge together to form a single shared line that connects
to the tank, and

the shared line is provided with a spring-cquipped check valve.
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