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DESCRIPTION
Title of Invention: HYDRAULIC DRIVING SYSTEM
Technical Field
{6001 The present invention relates to a hydraulic driving system configured to supply an

operating liquid, discharged from a hydraulic pump, to 8 hydraulic actuator to drive the hydraulic

actuator.
Background Art
0002} Work machines, such as hydraulic excavators, capable of travelling include

hydraulic actuators {(such as hydraulic cylinders and hydraulic motors) io move booms, arrus,
buckets, turning bodies, and the like. The hydraulic actuator is driven by an operating liquid
supplied frorm the hydraulic driving system.  The hydraulic driving system changes the flow
direction and flow rate of the operating lquid to control the moving direction and speed of the
hydraulic actuator.  Known as the hydraulic driving system configured as above is a hydraulic
system (corresponding to a configuration including a device group G1 and a controller) of PTL 1,
for example.

[0003] The hydraulic system of PTL 1 includes a flow control valve (actuator conirol valve
in PTL 1}, a bleed-off valve (unloading valve in PTL 1), and a controller.  The flow control
valve is provided with a pair of clectromagnetic valves. Inaccordance with pilot pressures
cutput from the pair of electromagnetic valves, the flow conirol valve contrels the flow rate of
the operating liquid supplied to the hydraulic actuator.  Further, the bleed-off valve is also
provided with an electromagnetic valve.  In accordance with a pilot pressure output from the
electromaguetic valve, the bleed-off valve performs bleed-off of the operating liguid to control
the flow rate of the operating liguid supplied to the hydraulic actuator.  The three
electromagnetic valves are connected to the controller.  The controller supplies command
currents, corresponding to the operation direction and operation amount of an operating lever, o
the electromaguetic valves to control the movements of the electromagnetic valves,

Citation List

Patent Literature

{00041 PTL 1: Japanese Laid-Open Patent Application Publication No. 2014-227949
Summary of Invention

Technical Problem

[0005] As described above, based on a command from the controller, the hydraulic system
of PTL 1 supplies the command currents, corresponding to the operation of the operating lever,

to the electromagnetic valves to operate the clectromagnetic valves.  However, a movement



start timing and movement completion timing of each electromagnetic valve with respect fo the
supplied command current vary due to manufacturing errors and the hike.  To be specific, each
timing of the valve with respect to the operation amount of the operating lever varies.  To solve
this problem, it is desirable to perform calibration of the command current supplied to the
electromagnetic valve in accordance with the operation amount of the operating lever,

[0006] Asone examiple of 3 method of performing the calibration, 3 pressure sensor is
atiached to an ouniput side of the electromagnetic valve and measures the characteristics of an
output pressure of the electromagnetic valve with respect to the command current, and the
command current is adjusted such that variation of the characteristics 18 reduced.  However,
according to this method, although the relation between the output pressure of the
electromagnetic valve and the command current can be adjusted, the movemend start timing and
movement completion timing of the valve with respect to the comumand current cannot be
adjusted. It should be noted that among the above electromagnetic valves, there is a valve
incorporated in the flow control valve or the bleed-off valve.  In this case, it is difficult to attach
the pressure sensor.  Therefore, there exists a method below,

100071 To be specific, there is a method in which: pressure sensors are attached to an output
side of the flow control valve and an output side of the bleed-off valve; the relation between the
output pressure of the flow control valve and the command current and the relation between the
output pressure of the bleed-off valve and the command current are detected; and based on the
detected relations, the calibration of the command currents to be supplied with respect to the
operation amount of the operating lever is performed.  However, in the hydraulic driving
system, the need for attaching the pressure sensors o the output side of the flow control valve
and the output side of the bleed-off valve is low, and these pressure sensors may be atiached only
when the calibration is performed. Further, to attach these pressure sensors, pipes need to be
additionally formed, installed, or removed.  Thus, many man-hours are required for the
calibration.

[GOOB] An object of the present invention is to provide a hydraulic system capable of
adjusting an movement start timing or movement completion timing of a valve device (ie, a
flow control valve device and a bleed-off valve device) with respect to an operation of an
operating lever without providing a pressure sensor at an output side of the valve device.
selution to Problem

100091 A bydranlic driving system of the present invention inghudes: a flow control valve
device interposed between a hydraulic pump and a hydraulic actuator configured to be deiven by

an operating liquid discharged from the hydraulic pump, the flow control valve device being



configured to adjust an opening degree between the hydraulic pump and the hydraulic actuator in
accordance with a movement corarmand current o control a flow rate of the operating liquid
discharged from the hydraulic pump, the movement command current being supplied to the flow
control valve device; a bleed-off valve device interposed between the hydraulic pump and a tank
and configured to adjust an opening degree between the hydraulic pump and the tank to control
the flow rate at which bleed-off of the operating Hquid is performed; a discharge pressure sensor
configured to detect g discharge pressure of the hydraulic pump; a relief valve configured to,
when the discharge pressure of the hydraulic pump becomes a relief pressure or more, exhaust to
the tank the operating liquid discharged from the hydraulic pump; an operating element
configured to be operated for driving the hydraudic actuater; and a controller configured to
conirol a movement of the flow control valve device by supplying to the flow control valve
device the movement cormand current corresponding to an operation amount of the operating
element and also configured o control a movernent of the bleed-off valve device. The
controller executes calibration in which: in a state where the bleed-off valve device blocks
between the hydraulic pump and the tank, the controller changes the movement conmand
curtent supplied to the How control valve device and makes the discharge pressure sensor detect
the discharge pressure; based on the detected discharge pressure and the relief pressure, the
controller detects at least one of an opening start current that is a current when the flow control
valve device staris opening and a closing completion current that is a current when closing of the
flow control valve device is completed; and based on the detected at least one current, the
controller adjusts a correspondence relation between the operation amount of the operating
clement and the at least one current.

16010} According to the present invention, at least one of the correspondence relation
between the eperation amount of the operating lever and the opening start current and the
correspondence relation between the operation amount of the operating lever and the closing
completion current can be adjusied by performing the calibration.  To be specific, in the
hydraulic driving system, at least one of the movement start timing of the flow control valve
device with respect to the operation of the operating lever and the movement completion timing
of the flow control valve device with respect to the operation of the operating lever can be
adjusted without providing the pressure sensor at the output side of the flow control valve
device.

(0081 In the above Invention, when changing the movement command current supplied to
the How control valve device to detect the opening start curvent in the calilwation, the controller

may make the flow control valve device block between the hydraulic pump and the hydraulic



actuator, and then, change the movement command current so 88 10 open between the hydraulic
pump and the hydraulic actuator.

(0012} Aceording to the above configuration, the discharge pressure steeply decreases when
the flow control valve device opens between the hydraulic pump and the hydrauhic actuator,
Therefore, whether or not the flow control valve device is open is easily determingd in the
calibration. Thus, the detected opening start currenis can be prevented from varyving,

(00137 In the above invention, the controller may control a displacement of a variable
displacement purap that is the hydraulic pump, and in the calibration, the controller may seia
discharge flow rate of the hydraulic pump to a predetermined flow rate or less.

{0014} According to the above configuration, the discharge flow raie can be made low, and
the change in the discharge pressure when opening or closing between the hydraulic pump and
the hydraulic actuator can be made steeper than when the discharge flow rate is high.  Therefore,
the start of the opening of the flow control valve device and the start of the closing of the flow
control valve device are gasily determined.  Thus, the detected opening start currents and the
detected closing start currents can be prevented from varying.

j0015] In the above invention, before the controller executes the calibration, the controller
may supply the operating bguid through the flow control valve device to a hydraulic cylinder,
which is the hydraulic actuator, to make a rod of the hydraulic cylinder move to a predetermined
position.

16016} According to the above configuration, the correspondence relation is adjusted after
the rod of the hydraulic cylinder is made 1o move to the predetermined position.  Therefore, the
adjustment of the correspondence relation can be performed at the same position. A lead acting
on the rod may change depending on the position of the rod, and the load may influence the
detection of the current. By performing the calibration in the same posture, such influence can
be suppressed, and the detected currents can be prevented from varying,

[OG171 In the above invention, the controller may control the movement of the flow control
valve device to make the rod of the hydraulic cylinder move to a stroke end that is the
predetermined position, and in order that the operating liquid flows through the flow control
valve device in such a direction that the rod of the hydraulic eylinder moves, the controller
changes the movement command current supplied to the flow control valve device.

{H018] According 1o the above configuration, after the rod is made to move to the stroke end
before adjusting the correspondence relation, the rod is made to move in an opposite movable
direction. Therefore, it is possible to prevent a case where while the calibration is being

executed, the rod reaches the stroke end, and therefore, the operating liquid cannot be supplied 1o



the hydraulic cylinder.  To be specific, it is possible to prevent a case where the rod reaches the
stroke end, and therefore, the opening start current cannot be detected.  On this account, the
movement start timing of the flow control valve device with respect to the operation of the
operating lever can be adjusted without providing a sensor and the like configured to detect the
position of the rod.

[0019] In the above invention, the hydraulic driving system may further include an
instructing device configured to instruct an execution of the calibration  Based on the
instruction of the execution of the calibration from the instructing device, the confroller may
execute the calibration,

(0020} According to the above configuration, the calibration is exccuted afier the exccoution
of the calibration is instructed. Therefore, the calibration can be prevented from being
undesirably performed during, for example, driving,

[0021] In the above invention, the controller may execute the calibration including: a first
processing in which the controller detects a first opening start current that is the opening start
current, and the controller adiusts a correspondence relation between the operation amount of the
operating clement and the first opening start current; and a second processing in which the
controller makes the discharge pressure sensor detect the discharge pressure while changing the
bleed-off command current supplied to the bleed-off valve device, based on the detected
discharge pressure and the relief pressure, the controller deteets a second opening start current
that is a current when the bleed-off valve device starts opening, and based on the detected second
opening start current, the controller adjusts a correspondence relation between the operation
amount of the operating element and the opening start current of the bleed-off valve device.
10022} According to the above configuration, the second opening start current that is the
bleed-off command current supplied to the bleed-off valve device when the bleed-off valve starts
operning can be delected by performing the calibration.  Based on the second opening start
current, the correspondence relation between the operation amount of the operating lever and the
opening start point of the bleed-off valve device can be adjusted.  To be specific, in the
hydrautic driving system, the moverent start timing of the bleed-off valve device with respectio
the operation of the operating lever can be adjusted without providing the pressure sensor at the
output side of the bleed-off valve device.

[GG23] In the above invention, the controller may execute the calibration including: a fiest
processing in which the controller detects a first closing completion current that is the closing
cornpletion current, and the controller adjusts a correspondence relation between the operation

amount of the operating element and the first closing completion current; and a second



progessing in which the controller makes the discharge pressure sensor detect the discharge
pressure while changing the bleed-off conumand current supplied to the bleed-off valve device,
based on the detected discharge pressure and the relief pressure, the controller detects a second
closing completion current that is g current when closing of the bleed-off valve device 1
completed, and based on the detected second closing completion current, the controller adjusts a
correspondence relation between the operation amount of the operating clement and the second
closing completion current.

10024} According to the above configuration, the second closing completion current that is
the bleed-off command current supplied to the bleed-off valve device when the closing of the
Meed-off valve is completed can be detected by performing the calibration.  Based on the
second closing completion current, the correspondence relation between the operation amount of
the operating lever and the closing start point of the bleed-off valve device can be adjusted. To
be specific, in the hydraulic driving system, the movement completion timing of the bleed-off
valve device with respect to the operation of the operating lever can be adjusted without
providing the pressure sensor af the cutput side of the bleed-off valve device.

[0025] A hydraulic driving system of the present invention includes: a bleed-off valve
device interposed between a tank and 4 hydraulic pump configured to supply an operating liquid
to a hydraulic actuator, the bleed-off valve device being configured to adjust an opening degree
between the hydraulic pump and the tank in accordance with a bleed-off command current to
control a flow rate at which bleed-off of the operating liquid discharged from the hydraulic pump
is performed, the bleed-off command current being supplied to the bleed-off valve device;a
discharge pressure sensor configured to detect a discharge pressure of the hydraulic pump; a
relief valve configured to, when the discharge pressure of the hydraulic pump becomes a relief
pressure or more, exhaust to the tank the operating liquid discharged from the hydraulic pump;
an operating clement configured to be operated for driving the hydraulic actuator; and a
controller configured to control a movement of the bleed-off valve device by supplying to the
bleed-oif valve device the bleed-off command current corresponding to an operation amount of
the operating element.  The controller execuies calibration in which: the controller makes the
discharge pressure sensor detect the discharge pressure while changing the bleed-off commmand
current supplied to the bleed-off valve device; based on the detected discharge pressure and the
relief preseure, the controller detects at least one of an opening start current that is a current
when the bleed-off valve device starts opening and a closing completion current that is a current
when closing of the bleed-off valve device is completed; and based on the detected at least one

current, the controller adjusis a comrespondence relation between the operation amount of the



operating element and the at least one current.

[0026] According to the present invention, at least one of the correspondence relation
between the operation amount of the operating lever and the opening start current and the
correspondence relation between the operation amount of the operating lever and the closing
completion current can be adjusted by performing the calibration.  To be specific, in the
hydraulic driving system, at least one of the movement start timing of the bleed-off valve device
with respect to the operation of the operating lever and the movement completion timing of the
bleed-off valve device with respect to the operation of the operating lever can be adjusted
without providing the pressure sensor at the output side of the bleed-off valve device.
Advantageous Effects of Invention

{00271 According to the present invention, the movenent start iming or movement
completion timing of the valve device with respect to the operation of the operating lever can be
adjusted without providing a pressure sensor at an ouiput side of the valve device,

Brief Description of Drawings

0028} Fig. 1 is g side view showing a hydraulic excavator including a hydraulic driving
system aceording to Embodiment 1 or 2 of the present invention.

Fig. 2 19 a circuit diagram showing a hydraulic circuit of the hydraulic driving
system according to Embodiment 1.

Fig. 3 is a flow chart showing a procedure of calibration in the hydraulic driving
system shown 1 Fig, 2.

Fig. 4A is a graph showing a time-lapse change of a command current when the
calibration is performed by the hydraulic driving system shown in Fig. 2. Fig. 4B is a graph
showing a change in a discharge pressure with respect to the command current when the
calibration is performed.

Fig. 5 is a circuit diagram showing a hydraulic civcuit of the hydraulic driving
systemn according to Fubodiment 2.

Deseription of Embodiments

00291 Hereinafter, a hydraulic driving system 1 according to Embodiment 1 of the present
invention, a hydraulic driving systern 1A according to Embodiment 2 of the present invention,
and a hydraulic excavator 2 including the the hydraulic driving system will be described with
reference to the drawings,  Directions used in the following description are described based on
directions corresponding to the view of a driver who is in the hydraulic excavator 2. However,
these directions are used for convenience sake, and the directions and the like of components of

the present invention are not limited.  Further, each of the hydraulic driving systems 1 and 1A



described below is just one embodiment of the present invention.  Therefore, the present
invention is not limited to the embodiments, and additions, deletions, and modifications may be
made within the scope of the present invention.
{00301 Embodiment 1

A work machine is capable of travelling and is configured to be able to perform
various work, such as excavation and lifling, at a site where the work machine has travelled and
reached.  The work machine includes an attachment for performing the various work and
further includes a plurality of actuators for operating the attachment.  Examples of the work
machine include a hydranlic crane, a wheel loader, and the hyvdravlic excavator 2. The
following will explain the hydraulic excavator 2 as one example of the work machine.
100317 Hydraulic Excavator

The hydraulic excavator 2 shown in Fig. 1 is capable of travelling and moving and
moves a bucket 15 to perform work, such as excavation and carrying.  To be specific, the
hydraulic excavator 2 includes a travelling device 11, a turning body 12, a boom 13, an arm 14,
and the bucket 15, The travelling device 11 is, for example, a crawler and is capable of
travelling by a travelling motor (not shown).  The turning body 12 is mounted on the travelling
device 11 50 a5 1o be tumable.  The turning body 12 is capable of turning by a turning motor
{not shown}. Adriver’s cab 12a is formed at the turning body 12, A driver who operates the
hydraulic excavator 2 can get on the driver’s cab 124, and below-described operating devices 41
{0 43 and the like are arvanged in the driver’s cab 12a.  Further, the boom 13 is provided at the
turning body 12
{0032} A base end portion of the boom 13 is provided at the turning body 12, and the boom
13 is swingable in an upper-lower direction.  The boom 13 exiends from the turning body 12 in
an obliquely upward and front direction.  The arm 14 1s provided at a tip end portion of the
boom 13 50 as to be swingable in a front-rear direction.  The arm 14 extends from the boom 13
in an obliquely downward and front direction. The bucket 15 is provided at a tip end portion of
the arm 14 s0 as to be rotatable in the front-rear direction.  Hydraulic eylinders 16 to 18 are
respectively provided at the boom 13, the arm 14, and the bucket 15 so as to respectively operate
the boom 13, the arm 14, and the bucket 15.
[0033] More specifically, the hydraulic excavator 2 includes a pair of boom cylinders 16, an
arm cylinder 17, and a bucket cylinder 18, The pair of boom cylinders 16 (in Figs. ! and 2,
only one of the boom cylinders 16 is shown) are arranged at respective left and right sides of the
boom 13 5o as to sandwich the boom 13, The boom cylinders 16 extend between the boom 13

and the turning body 12, The boom cylinders 16 arranged as above expand and coniract in



accordance with the supply of an operating liguid. By the expansion and contraction of the
boom cylinders 16, the boom 13 swings in the upper-lower direction.  The arm cylinder 17
extends between the boowm 13 and the arm 14, and the bucket cylinder 18 extends between the
arm 14 and the bucket 15, The arm eylinder 17 and the bucket cylinder 18 also expand and
contract in accordance with the supply of the operating liquid. By the expansion and
contraction of the arm cylinder 17 and the bucket cvlinder 18, the arm 14 and the bucket 15
swing in the front-rear direction.
(00341 As shown in Fig. 2, the hydraulic cylinder 16 includes a rod port 16a and a head port
16b. The hydraulic cylinder 17 includes a rod port 17a and a head port 17b, and the hydraulic
cylinder 18 includes a rod port 18a and a head port 18b.  When the operating liguid is supplied
to the rod port (16a, 17a, 18a), and the operating liquid is exhausted from the head port (16b, 17b,
18b), the cylinder (16, 17, 18) contracts.  When the operating Hquid is supplied to the head port
{16b, 17h, 18b), and the operating liquid is exhausted from the rod port {16a, 173, 18a), the
cylinder (16, 17, 18) expands,  To supply the operating liquid to the cylinders 16 to 18
configured to expand and contract as above and discharge the operating liquid from the cylinders
16 to 18, the hydraulic excavator 2 includes the hydraulic driving system 1.
{0035] Hydraulic Driving System

The hydranlic driving system 1 i3 a system configured to supply the operating Hquid
to the cylinders 16 to 18 to drive the cylinders 16 to 18, The hydraulic driving system 1 is
constituted by a center bleed type hydraulic control eircuit and includes a hydraulic pump 21.
The hydraulic pump 21 is coupled to a driving source (not shown), such as an engine, and is
rotated by the driving source to discharge the operating liguid (liguid, such as water or oil).
The hydraulic pump 21 having such function is, for example, a variable displacement swash
plate pump and can change a discharge flow rate.  To be specific, the hydraulic pump 21
includes a swash plate 21a. By changing a tilting angle of the swash plate 214, the hydraulic
pump 21 discharges the operating liguid at the flow rate corresponding to the tilting angle.  The
swash plate 21a is provided with a regulator 21b.  The regulator 21b changes the tilting angle of
the swash plate 21a in accordance with a command input to the regulator 216, The hydraulic
pump 21 configured as above is connected to a main passage 22.  The hydraulic pump 21
suctions the operating liquid from a tank 23 and discharges the operating liguid to the main
passage 22.  Further, three flow control valve devices 24 to 26 are interposed on the main
passage 22.
{00361 The three flow control valve devices 24, 25, and 26 are provided so as to

respectively correspond to the eylinders 16, 17, and 18, The flow control valve device (24, 25,
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26} countrols the durection and flow rate of the operating liguid supplied 1o the corresponding
gylinder (16, 17, 18). To be specific, the hydraulic driving system 1 includes a boom flow
control valve device 24, an arm flow control valve device 25, and a bucket flow contrel valve
device 26.  The boom How control valve device 24 corresponds to the pair of boom cylinders
16. The arm flow control valve device 25 corresponds to the arm cylinder 17, The bucket
flow control valve device 26 corresponds to the bucket cylinder 18, In the present embodiment,
the three flow control valve devices 24 to 26 are interposed on the main passage 22 in order of
the boom flow control valve device 24, the arm flow contrel valve device 25, and the bucket
flow control valve device 26, but the order is not limited to this. It should be noted that the
three flow control valve devices 24 to 26 has the same function although targets to which the
flow control valve devices 24 to 26 supply the operating Hquid are different from one another.
Therefore, the following will mainly describe the configuration of the boom flow control valve
device 24,  Regarding the tlow control valve devices 25 and 26, the same reference signs are
used for their components that are the same as the components of the boom flow control valve
device 24, and a repetition of the same explanation is avoided,

{0037} Based on a movement command current input to the boom flow control valve device
24, the boom flow control valve device 24 changes a flow direction of the operating liguid
discharged from the hydraulic pump 21 and controls the flow rate of the operating liquid
supplied to the pair of boom cylinders 16, To be specific, the boom flow control valve device
24 includes a flow control valve 31 and a pair of electromagnetic proportional valves 33R and
33L. Theflow contro] valve 31 is a so-called spool valve including six ports,  The flow
control valve 31 changes a connection status of each port in accordance with the position of a
spool 31a.  Hereinafter, the configuration of the flow conirel valve 31 for the boom will be
described in detail.

100387 The flow control valve 31 is a center open type spool valve and opens and closes the
main passage 22 in accordance with the position of the spool 31a.  To be specific, when the
spool 31a is located at a neutral position M, the flow control valve 31 opens the main passage 22,
and with this, the operating liguid flows to a downstream side of the flow control valve 31, On
the other hand, when the spoel 31a moves from the neuiral position M to a first offset position R
or a second offset position L, the flow control valve 31 narrows an opening degree of the main
passage 22 in accordance with the position (i.c., @ movement distance) of the spool 31a.  To be
spectfic, the How control valve 31 supplies the operating liquid to the downstream side of the
flow control valve 31 at the flow rate corresponding to the position of the spool 31a.

100391 The mrain passage 22 branches at an upstream side of the flow control valve 31, and
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a branch supply passage 32 is connecied o the flow control valve 31 through a check valve 34,
The check valve 34 allows the flow of the operating liguid flowing through the supply passage
32 from the main passage 22 to the flow control valve 31 but blocks the flow of the operating
Hquid in its opposite direction.  The supply passage 32 is connected to one port of the flow
control valve 31.  The rod port 18a and head port 16b of the boom cylinder 16 and the tank 23
are connected to other ports of the flow control valve 31,

(00401 When the spool 31ais located at the veutral position M, four ports of the flow
control valve 31 other than two ports to which the main passage 22 is connected are blocked.
With this, the supply and discharge of the operating liquid to and from the boom cylinder 16 are
stopped, and an expansion/contraction state of the boom cylinder 16 is kept.  On the other hand,
when the spool 31a moves from the neutral position M to the first offset position R, the rod port
16a and the tank 23 are connected to cach other, and the head port 16b and the supply passage 32
are connected to cach other.  With this, the boom cylinder 16 expands, and therefore, the boom
13 is fifted.  Further, when the spool 31a moves from the neutral position M to the second offset
position L, the head port 16b and the tank 23 are connected o each other, and the rod port 16a
and the supply passage 32 are connected {o cach other.  With this, the boom cylinder 16
contracts, and therefore, the boom 13 is lowered.  Further, in the flow conirol valve 31, an
opening degree between the poris connected is adjusted in accordance with the position of the
spool 31a.  To be specific, the opening degree between the port 16a and the tank 23, the
opening degree between the port 16b and the tank 23, the opening degree between the port 16a
and the supply passage 32, and the opening degree between the port 16b and the supply passage
32 are controlled in accordance with the position of the spool 31a as with the main passage 22,
and therefore, the operating liquid is supplied to and discharged from the boom cylinder 16 at the
flow rate corresponding to the posttion of the spool 3la.

{0041} In the flow control valve 31 having such function, the spool 31ais provided with a
pair of springs 31b and 3¢, and the pair of springs 31b and 31¢ bias the spool 31a in respective
directions opposing each other.  The spool 31a receives two pilot pressures pl and p2,  The
first pilot pressure pl acts on the spool 31a against the biasing force of the first spring 31b.  The
second pilot pressure p2 acts on the spool 31a against the biasing force of the second spring 31c.
To be specific, the two pilot pressures pl and p2 act on the spool 31a against each other,  The
spool 3 la moves to a position corresponding to a differential pressure between the two pilot
pressures pl and p2.  To supply the two pilot pressures pl and p2 to the spoot 313, the flow
control valve 31 is provided with the pair of electromagnetic proportional valves 33R and 331,

j0g42] The pair of electromagnetic proportional valves 33R and 33L are connected to a pilot
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pump {not shown) and the tank 23.  The electromagnetic proportional valve 33R outputs the
pilot pressure pl corresponding to the movement command current input to the eleciromagnetic
proportional valve 33R, and the electromagnetic proportional valve 331 outputs the pilot
pressure p2 corresponding to the movement command current nput to the electromagpetic
proportional valve 331, As described above, the pilot pressures pl and p2 act on the spool 31a
against each other, and the spool 314 moves to a postiion corresponding to the differential
pressure between the two pilot pressures pl and p2.  As above, the spoel 3lamovestoa
position corresponding to the movement command current.  With this, the operating Hquad is
supplied to the boom cylinder 16 in the direction corresponding to the movement command
current at the flow rate corresponding to the movement command current, and thereby the boom
eylinder 16 can move at a speed corresponding to the movement command current,

[0043] Each of the army flow control valve device 25 and the bucket flow control valve
device 26 has the same function as the boom flow control valve device although hydraulic
actuators as the targets are different from one another.  To be specific, each of the arm tlow
control valve device 25 and the bucket flow control valve device 26 includes the flow control
valve 31 and the pair of electromagnetic proportional valves 33R and 33L.  In the arm flow
control valve device 25, the How conirol valve 31 performs the supply and discharge of the
operating liquid to and from the two ports 17a and 17b of the arm cylinder.  In the bucket flow
control valve device 26, the flow coutrol valve 31 performs the supply and discharge of the
operating liquid to and from the twe ports 18a and 18b of the bucket cylinder.  Thus, based on
the movement command current input to the arm flow contrel valve device 25, the arm flow
control valve device 25 changes the flow direction of the operating liquid discharged from the
hydraulic pump 21 and controls the flow rate of the operating liguid supphied to the cylinder 17
Further, based on the movement comumand current input to the bucket flow control valve device
26, the bucket flow control valve device 26 changes the flow direction of the operating Hauid
discharged from the hydraulic pump 21 and controls the flow rate of the operating liguid
supplied to the cylinder 18, As described above, the boom flow control valve device 24, the
army flow control valve device 25, and the bucket flow control valve device 26 are interposed on
the main passage 22 so as to be lined up.  In addition to the three valve devices 24 10 26, a
bleed-off valve 27 is interposed on the main passage 22 so as 1o be located downstream of the
three valve devices 24 {o 26.

[0044] The bleed-off valve 27 is a so-called electromagnetic proportional valve. The
bleed-off valve 27 opens and closes the main passage 22 in accordance with g bleed-off

command current supplied to the bleed-off valve 27.  More specifically, the bleed-off valve 27
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is a normally-open clectromagnetic proportional valve.  The bleed-off valve 27 closes the main
passage 22 as the bleed command current increases.  The main passage 22 is connecied 1o the
tank 23 on the downstream side of the bleed-off valve 27.  When the bleed-off valve 27 opens
the main passage 22, the operating lquid is exhausted to the tank 23, 1.¢., bleed-ofl is performed.
{30451 In addition to the bleed-off valve 27 and the three flow control valve devices 24 to
26, a relief valve 28 and a discharge pressure sensor 29 are connected to the main passage 22,
To be specific, the relief valve 28 is connected to the main passage 22 so as to be lecated
upstream of the boom How control valve device 24, 1.e., located close to the hydraulic purap 21,
The relief valve 28 is connected to the main passage 22 and the tank 23, The relief valve 28
opens when a pressure (1.e., a discharge pressure) of the operating liguid flowing through the
main passage 22 becomes a predetermined relief pressure pr or more.  When the relief valve 28
opens, the operating Haquid flowing through the main passage 22 is exhausted to the tank 23.
With this, the pressure of the operating liquid flowing through the main passage 22 is prevented
from exceeding the relief pressure pr. Further, the discharge pressure sensor 29 is provided on
the passage 22 so as to be located upstream of the boom flow control valve device 24, The
discharge pressure sensor 29 is electrically connected 1o a controller 30, The discharge pressure
sensor 29 outputs to the controller 30 g signal corresponding o the discharge pressure of the
hydraulic pump 21.  The controller 30 detects the discharge pressure of the hydraulic pump 21
based on the signal supplied from the discharge pressure sensor 29 and stores the detected
discharge pressure.
30461 A plurality of operating devices are electrically connected to the controller 30 (In the
present embodiment, for convenience sake, three operating devices 41 to 43 are described below,
but, the number of operating devices can be reduced by utilizing an operating device capable of
being operated in an x-axis direction and a y-axis divection). To allow the driver to operate the
operating devices 41 to 43, the operating devices 41 1o 43 are arranged in the driver’s cab 12a.
The operating devices 41 to 43 correspond to the three cylinders 16 to 17, respectively.  The
operating device (41, 42, 43) supplies a command regarding a moving divection and moving
speed of the corresponding hydranlic cylinder (16, 17, 18).  More specifically, the operating
devices 41 o 43 are, for example, eleciric joysticks and include respective operating levers 41a
to 43a.  EHach of the operating levers 41a to 43a that arc operating elements is configured to be
able to be operated toward one side and the other side in a predetermined direction. When the
operating lever (41a, 42a, 43a) of the operating device {41, 42, 43) is operated, the operating
device (41, 42, 43) outputs to the controller 30 g signal corresponding to an operation divection

and operation amount of the operating lever (41a, 42a, 43a).  The controlier 30 is electrically
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connected 1o all the electromagnetic proportional valves 33R and 331 of the three flow control
valve devices 24 to 26, Based on the signal output from the operating device (41, 42, 43), the
controller 30 supplies the movement command current to the electromagnetic proportional
valves 33R and 33L of the corresponding flow control valve device (24, 25, 26).  When the
coniroller 3¢ supplies the movement command current, the hydraulic eylinder (16, 17, 18)
corresponding to the operated operating lever (41a, 42a, 43a) operates in a direction
corresponding to the operation direction at a speed corresponding to the operation anount.
100473 The controller 30 is electrically connected to the regulator 21b and the bleed-off
valve 27.  Based on the signals cuiput from the operating devices 41 to 43 (more specifically, in
accordance with the eperation amounts of the operating levers 41a to 43a), the controller 30
outputs a discharge flow rate command signal to the regulator 21b and outputs a bleed-off
command signal to the bleed-off valve 27.  With this, the operating Hauid is discharged from
the hydraulic pump at the flow rate corresponding to the operation amount of the operating lever
{41s, 42a, 43a), and the bleed-off of the operating liquid is performed at the flow rate
corresponding to the operation amount of the operating lever (41a, 42a, 43a).

[0048] The controller 30 having such function prestores relations between the operation
amounts of the operating levers 41a to 43a and three comumand currents to be output (i.e., the
movement command current, a discharge flow rate command current, and the bleed-off
command current). Based on the relations, the controller 30 outputs the command currents.
For example, in the present embodiment, the relation between the operation amount and the
movement command current is a proportional refation.  The coniroller 30 outputs to each
component the movement command current proportional to the operation amount.

[0049] Amode instructing device 44 is electrically connected to the controller 30.  The
mode mstructing device 44 is constituted by, for example, a switch and an operation panel.  As
with the operating levers 41a 1o 434, to allow the driver to operate the mode instructing device
44, the mode instructing device 44 is arranged in the driver’s cab 12a.  The mode instructing
device 44 is configured to be able to select a driving mode and a calibration mode.  Inthe
driving mode, the driver can operate the operating levers 41a to 43a to make the hvdraulic
cylinders 16 to 18 expand or contract, and as a result, make the bucket 15 move. Inthe
calibration mode, the controller 30 exccutes calibration, i.e., the controller 30 performs
calibration of movement start timings of the the hydraulic cylinders 16 to 18 with respect 1o the
operations of the operating levers 41a to 43a.  To be specific, the controller 30 execntes the
calibration by a calibration instruction from the mode instructing device 44.  Hereinafter, the

calibration execnied by the controller 30 will be described with reference to the flow chart of Fig,
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3.
[0050] Calibration

When the calibration mode is selected by the mode instructing device 44 as
described ghove, the controller 30 proceeds to Step 81 1o execute the calibration.  In Step §1
that is a posture changing step, the controller 30 controls the movements of various components
to make a structure 19 take an initial posture as shown in Fig. 1. The structure 19 is constituted
by the boom 13, the arm 14, and the bucket 15, To be specific, the controller 3¢ controls the
movements of the three flow control valve devices 24 to 26 and the bleed-off valve 27 to make
the boom cylinder 16, the arm cylinder 17, and the bucket cylinder 18 expand.  More
specifically, the controller 30 supplies the movement command currents 1o the first
electromagnetic proportional valves 33R of the three flow control valve devices 24 to 26 to make
rods 16¢, 17¢, and 18c¢ of the boom cylinder 16, the arm cylinder 17, and the bucket cylinder 18
move until the rods 16¢, 17¢, and 18¢ reach their stroke ends (i.¢., predetermined positions).
With this, the structure 19 takes the initial posture.  After the structure 19 takes the initial
posture, the controller 30 proceeds from Step 81 to Step 52.
(G051} In Step 82 that is a discharge flow rate adjusting step, the discharge flow rate of the
operating Hquid discharged from the hydraulic purop 21 is adjusted to a predetermined flow rate
or less. Herein, the predetermined flow rate is a flow rate that is equal o or Jess than a
permissible flow rate of the relief valve 28, The present embodiment will describe a case where
the discharge flow rate of the operating lquid discharged from the hydraulic pump 21 is adjusted
to a minimur fow rate that is equal to or fess than the permissible flow rate of the relief valve
28, To be specific, the controller 30 outputs the discharge flow rate command current to the
regulator 21b to limit the discharge flow rate of the hydravlic pump 21 to the minimum flow rate.
After the discharge flow rate is adjusted to the minimum flow rate, the controller 30 procesds
frorn Step 52 to Step 83,
{0052} In Btep 83 that is a pressure increasing step, the supply and discharge of the
operating liquid to and from the hydraolic eylinders 16 to 18 and the bleed-off of the operating
liquid discharged from the hydraulic pump 21 are stopped.  To be specific, the controller 30
stops the supply and discharge of the operating liquid to and from the hydraulic cylinders 16 to
18 by making the spools 31a of the flow control valves 31 of the three flow control valve devices
24 to 26 locate af the respective neutral positions M. Further, the controiler 30 supplies the
bleed-off command current to the bleed-off valve 27 to make the bleed-off valve 27 close the
main passage 22.  When the supply and discharge of the operating liquid to and from the

hydraulic cylinders 16 to 18 and the bleed-off of the operating liquid are stopped as above, the
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discharge pressure increases to reach the relief pressure prscon.  Then, the relief valve 28
opens, and the operating Hquid flowing through the main passage 22 is introduced to the tank 23,
Thus, the discharge pressure is kept at the relief pressure pr. Atter the discharge pressure
increases to reach the relief pressure pr as above, the controller 30 proceeds from Step 53 to Step
54

[0053] In Step 84 that is a target device selecting step, a target device that is a device
subjected to the calibration is selected from the three flow control valve devices 24 to 26 and the
bleed-oft valve 27.  In the present embodiment, the boom flow conirel valve device 24 1s first
selected as the target device.  After the target device is selected, the controller 30 proceeds from
Step 84 to Step 83, In Step 55 that is a command current changing step, the controller 3¢
changes the command current supplied 1o the target device.  To be specific, the controller 30
outputs the movement command current o the second electromagnetic proportional valve 33L of
the boom flow control valve device 24, In the present embodiment, the rod 16¢ of the boom
cylinder 16 1s moved to the stroke end in Step 81, and therefore, the rod 16¢ can move only in
such a direction that the boom cylinder 16 contracts.  To be specifie, the rod 16¢ can surely
move in such a direction that the boom cylinder 16 contracts,  Therefore, to move the vod 16¢ in
such a direction that the boom cylinder 16 contracts, the controller 30 supplies the movement
command current to the second electromaguetic proportional valve 33L.  After the command
current is supplied to the target device as above, the controller 30 proceeds from Step S5 to Step
86,

{00541 In Step S6 that is a pressure decrease determining step, the controller 30 determines
whether or not the discharge pressure is decreased.  To be specific, the controller 30 detects and
stores the discharge pressure based on the signal supplied from the discharge pressure sensor 29
and compares the detected discharge pressure with the discharge pressure that is stored after
being increased in the pressure increasing step of Step 83, Then, whether or not the discharge
pressure 15 decreased is determined based on one example described below.  To be specific,
when the detected discharge pressure falls within a range set based on a predetermined
percentage of the stored discharge pressure, the controller 30 determines that the discharge
pressure is not decreased.  In this case, the controller 30 returns from Step 56 to Step 85, In
Step S5, the controller 30 incregses the movement command current supplied to the second
electromagnetic proportional valve 331 and proceeds from Step 85 1o Step 86, Then, the
controller 30 again compares the stored discharge pressure with the detected discharge pressure.
Increasing the movement command current and comparing the stored discharge pressure with the

detected discharge pressure are repeatedly performed until the controller 30 determines that the
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discharge pressure is decreased.  Until then, as shown in a graph of Fig. 4A, the controller 30
gradually increases the movement command current output to the second clectromagnetic
proporiional valve 330, In Fig. 44, a vertical axis denotes the movement command current,
and a horizontal axis denotes g time, By gradually increasing the movement command current,
the pilot pressure p2 output from the second electromagnetic proportional valve 33L gradually
increases, and the supply passage 32 and the rod port 16a are connected to each other soon
{opening start point in Fig. 4A).  When the supply passage 32 and the rod port 16a are
connected to each other, the operating liquid flowing through the main passage 22 flows to the
boom cylinder 16, and as shown in Fig. 4B, the discharge pressure that is kept at the relief
pressure pr is decreased.  In Fig. 4B, a vertical axis denotes the discharge pressure, and a
horizontal axis denotes the movenment command current. When the discharge pressure is
decreased, the discharge pressure detected based on the signal supplied from the discharge
pressure sensor 29 15 also decreased.  Thus, the controller 30 determines that the discharge
pressure is decreased.  Then, the controller 30 proceeds from Step S6 to Step 87.

f0055] In Step 87 that is an opening start current storing step, the controller 30 stores the
commnand current supplied when the discharge pressure starts being decreased, .., the controller
30 stores an opening start current 11 (first opening start current that is the movement command
current at the opening start point at which a passage between the supply passage 32 and the rod
port 16a starts being opened by the flow control valve 31}, To be specific, the controller 30
stores, as the opening start current 11, the movement command current supplied to the second
electromagnetic proportional valve 331 when the controller 30 determines that the discharge
pressure is decreased.  Afier the opening start current 11 i3 stored, the controller 30 proceeds
from Step 37 to Step S8.

{00561 In Step S8 that is g calibration step, the controller 30 adjusts a comespondence
relation between the operation amount of the operating lever 41a and the opening start current [1
based on the opening start current 11 stored in Step 87, To be specific, while maintaining the
proportional relation between the operation amount and the movement command current, the
controller 30 adds an offset value (corresponding to a differential current described below) to the
proportional relation such that when the operation amount of the operating lever 41a becomes a
predetermined amount, the opening start current 11 is output from the second electromagnetic
proportional valve 33L.  More specifically, when the operating lever 41a is operated by the
predetermined amount before the correspondence relation is adjusted, the controller 30 compares
the opening start current 11 with the movement command current supplied to the second

clectromagnetic proportional valve 33L and calculates the differential current obtained by
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subiracting the sbove movement command current from the opening start current {1, Then, the
controller 30 performs offset of the proportional relation between the operation amount and the
movement cormmand current by the differential corrent such that when the operating lever 41a is
operated by the predetermined amount, the passage between the supply passage 32 and the rod
port 16a starts being opened, and the boom cylinder 16 starts moving.  After the offeet by the
differential current is performed, and the calibration of the movement command current is
performed as above, the controller 30 proceeds from Step S8 to Step 89,

{00571 In Step 89 that is a processing termination determining step, the controller 30
determines whether or not the calibration of the command current for all of the three flow control
valve devices 24 to 26 and the bleed-off valve 27 is terrainated.  When the calibration of the
command currents is not terminated, the controller 30 returns to Step 54 and selects the target
device from the devices which are not subjected to the calibration.  To be specific, when the
arm flow control valve device 25 is selected, and the coniroller 30 proceeds to Step S5, the
procedure including Steps S5 o 58 is executed as with when the boom flow conirol valve device
24 1s selected.  With this, regarding the boom flow conirel valve device 24, the offset of the
proportional relation between the operation amount of the operating lever 42a and the moveraent
command current by the differential current is performed, and the calibration of the movement
command current is performed.  After the calibration of the operation command for the arm
flow control valve device 25 current is terminated, the controller 30 returns again from Step 59
to Step 84, Then, the bucket How control valve device 26 is selected, and the controller 30
procesds to Step 85.

[6058] As with when each of the boom flow control valve device 24 and the arm flow
control valve device 25 is selected, the procedure including Steps 85 to 88 is executed for the
bucket flow control valve device 26.  With this, regarding the bucket flow control valve device
26, the offset of the proportional relation between the operation amount of the operating lever
434 and the movement command current by the differential current is performed, and the
calibration of the movement command current is performed.  After the calibration of the
movement command current for the bucket flow control valve device 26 is terminated, the
controller returns from Step 89 to Step 84, Finally, the bleed-off valve 27 is selected, and the
controller 30 proceeds to Step S5.

[0055] Regarding the bleed-off valve 27, the calibration of the bleed-off command current is
performed through a procedure that Is substantially the same as each of the procedures for the
three flow control valve devices 24 to 26, However, the procedure for the bleed-off valve 27 is

slightly different due to reasons, such as the bleed-off valve 27 being a normally-open valve.
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To be specific, when the bleed-off valve 27 is selected, the controller 30 changes the bleed-off
commangd current supplied to the bleed-off valve 27 a5 the target device, i.e,, changes the
bleed-off command current in Step 85, Move specifically, the bleed-off command current is
supplied to the bleed-off valve 27 to close the main passage 22. A relation between the
operation amount and the bleed-off command current is an inversely proportional relation.
Therefore, the controller 3¢ deceases the bleed-off command current in Step 85 to wove the
bleed-ott valve 27 in such a direction that the bleed-off valve 27 opens the main passage 22.
After the bleed-off command current is decreased as above, the controller 30 proceeds from Step
S5 o Step S6.

0060] In Step S6, as with when each of the flow control valve devices 24, 25, and 26 15
selected, the controller 30 compares the stored discharge pressure with the detected discharge
pressure and determines whether or not the discharge pressure is decreased.  When the
controller 30 determines that the discharge pressure i not decreased, the controller 30 retums to
Step S5 and further decreases the bleed-off command current,  When the controller 30
determines that the discharge pressure is decreased, the controller 30 proceeds to Step 87 and
stores an opening starf current 12 (second opening start current that is the bleed-off command
current at the opening start point at which the main passage 22 starts being opened by the
bleed-off valve 27).  In Step S8, the calibration of the bleed-off command is performed based
ot the stored opening start current 12 such that when each of the operation amounis of the
operaling levers 41a to 43a becomes a predetermined amount, the opening start current 12 18
supphed. After the calibration of the bleed-off command current for the bleed-off valve 27 18
terminated as above, the controller 30 proceeds from Step 58 to Step 89, In Step 89, the
coptroller 30 determines that the calibration of the command currents for all of the three flow
control valve devices 24 to 26 and the bleed-off valve 27 is terminated.  Afier the termination of
the calibration, the controller 30 proceeds from the calibration mode to the driving mode.

{0061} In the hydraulic driving system 1 configured as above, the controlier 30 performs the
calibration.  With this, even when the pressure sensors are not provided at the output sides of
the three flow control valve devices 24 o 26 and the bleed-off valve 27, the movenment start
timings of the three flow contrel valve devices 24 to 26 and the bleed-off valve 27 with respect
to the operations of the operating levers can be adjusted.  With this, the movement start timings
of the three flow control valve devices 24 to 26 and the bleed-off valve 27 with respect to the
operations of the operating levers 41a to 43a can be made to match each other,  Thus, the
movement start timings of the three flow control valve devices 24 to 26 and the blecd-off valve

27 with respect to the operations of the operating levers can be prevented from varying. To be
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specific, when moving the boom 13, the arm 14, and the bucket 13, play (operation dead zones)
of the operating levers 41a to 43a can be prevented from varying.

{0062] In the hydraulic driving system 1, the spools 31a of the flow conirel valves 31 are
made to locate at the respective neutral positions M in Step 83, and with this, the passages
between the hydraslic pomp 21 and the hydraulic eylinders 16 10 18 are blocked.  After that, the
movement command currents are gradually increased in Step 85, and with this, the passages
between the hydraulic pump 21 and the hydraulic cylinders 16 to 18 are opened.  Thus, the
discharge pressure kept at the relief pressure pr in Step 83 steeply decreases when the passages
between the hydraulic pump 21 and the hydraglic oylinders 16 1o 18 are opened in Step S5.
Therefore, the controller 30 can easily determinge that the passages between the hydraulic pump
21 and the hydraulic cylinders 16 to 1R are opened by the flow control valve devices 24 to 26
(i.e., that the flow control valve devices 24 to 26 open), and the detected opening start currents [1
can be prevented from varying.,  The same is true for the bleed-off valve 27.

{3063} Further, in the hydraulic driving system 1, the discharge flow rate of the hydraulic
pump 21 when performing the calibration is limited to the minimum flow rate in Step 82, With
this, a relie{ flow rate of the operating liquid exhausted from the relief valve 28 in Step 83 can be
suppressed, and therefore, an excessive increase in the discharge pressure and an excessive
temperature increase of the operating liguid can be suppressed. Tt is also possible to prevent a
case where a large amount of operating Hquid is wastefully exhausied from the relief valve 28,
and this increases the energy loss.  Further, since the discharge flow rate is decreased, the
decrease in the discharge pressure when the passages between the hydraulic pump 21 and the
hydraulic cylinders 16 to 18 are opened can be made steeper than when the discharge flow rate is
high. Therefore, the controller 30 can easily determine that the passages between the hydraulic
pump 21 and the hydraulie cylinders 16 1o 18 are opened by the flow conirol valve devices 24 to
26, and the detected opening start currents 11 can be prevented from varying. The same is true
for the blecd-off valve 27.

{0064] In the hydraulic excavator 2, loads acting on the respective hydraulic eylinders 16 to
18 change depending on the posture of the structure 19, and the discharge pressure detected
when opening the passages between the hydraulic pump 21 and the hydraulic cylinders 16 10 18
changes for every posture of the structure 19, Therefore, when performing the calibration in
different postures, the loads acting on the respective rods 16¢ to 18¢ differ between these
postures, and these loads may influence the detection of the opening start currents 11,

Therefore, in the hydraulic driving system 1, after the structure 19 is made to take the initial

posture in Step 81, the calibration of the conumand current is performed.  To be specific, the
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calibration is performed in the same posture.  With this, the influence by the changes in the
loads can be suppressed, and the detected opening start currents 11 can be prevented from
varying.
(00651 In the initial posture taken by the structure 19 in Step 81, the rods 16¢ 1o 18c of the
hydraulic cylinders 16 to 18 are moved to the respective stroke ends, and the rods 16¢ to 18¢ can
move therefrom in only one direction (i.e., a movable direction). Therefore, i is possible to
prevent a case where while executing the calibration, the rods 16¢ to 18¢ reach the respective
stroke ends, and the operating liquid cannot be supplied to the hydraulic cylinders 1610 18, To
be speeific, it is possible to prevent a case where the rods 16¢ to 18¢ reach the respective stroke
ends, and the opening start currents 11 cannot be detecied.  Therefore, the movement start
timings of the flow control valve devices with respect to the operations of the operating levers
41a to 434 can be adjusted without providing, for example, sensors configured to detect the
positions of the rods 16¢ to 18¢.
[0066] Further, in the hydraulic driving system 1, the calibration mode is selected by the
mode insiructing device 44, i.e., the calibration is executed after the execution of the calibration
is instructed.  Therefore, the calibration can be prevented from being undesirably performed
during, for example, driving.
FO0677 Embodiment 2

The hydraulic driving system 1A of Embodiment 2 is similar in configuration to the
hydraulic driving system 1 of Embodiment 1. Therefore, components of the hydrautic driving
system 1A of Embodiment 2 which are different from the components of the hydraulic driving
system 1 of Embodiment 1 will be mainly deseribed.  The same veference signs are used for the
same components, and a repetition of the same explanation is avoided.
10068} As shown in Fig. 5, the hydraulic driving system 1A of Embodiment 2 includes the
hydraulic pump 21, three flow control valve devices 24A to 26A, a bleed-off valve device 274,
the relief valve 28, the discharge pressure sensor 29, the controller 30, the three operating
devices 41 to 43, and the mode instructing device 44.  The three flow control valve devices 24A
o 26A are connected in parallel to the hydraulic pump 21, To be specific, a downstream part of
the main passage 22 branches into three supply passages 32a, 32b, and 32¢, and the supply
passages 32a, 32b, and 32¢ are connected to the corresponding flow contrel valve devices 244,
25A, and 26A through the corresponding check valves 34.
[0069] Each of the three flow conirol valve devices 24 A to 26A connected as above is
constituted by an electric spool valve 31A.  The electric spool valve 31A includes the spool 31a

and an electric actuator 31d.  The electric actuator 314 is constituted by, for example, an electric
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motor and a ball screw.  The electric motor rotates in one direction or the other direction in
accordance with a drive command current output from the controlier 30, The spool 3lais
coupled to the electric motor through the ball serew.  When the electric motor rotates in one
divection, the spool 31a moves to the first offset position R, When the eleciric motor rotates in
the other direction, the spool 31a moves to the second offset position L. The spool 31a does not
have a function of opening and closing the main passage 22.  However, regarding the function
of adjusting the opening degrees between the supply passage (32a, 32b, 32¢) and the hydraulic
cylinder (16, 17, 18) and between the tank 23 and the hydraulic cylinder (16, 17, 18), the spool
31a of Embodiment 2 is the same as the spool 314 of Embodiment 1. Therefore, the flow
control valve device (244, 254, 26A) opens the passage between the hydraulic pump 21 and the
hydraulic cylinder (16, 17, 18) by the opening degree corresponding to the drive command
current putput from the controller 36,

{6074] The hydraulic driving system 1A is constituted by a conceniration bleed type
hydraulic control circuit.  The bleed-off valve device 27A is connected to the main passage 22,
The bleed-off valve device 27A includes a bleed-off valve 51 and an electromagnetic
proporiional control valve 52, The bleed-off valve 51 is g pilot type and normally closed valve.
The bleed-off valve 31 porforms the bleed-off, Le., exhausts the operating lauid from the main
passage 22 at the flow rate corresponding to a pilot pressure p3 input to the bleed-off valve 51.
The electromagnetic proportional control valve 52 is a so-called inversely proportional valve.
The electromagnetic proportional control valve 52 is connected to a pilot pump (not shown) and
outputs to the bleed-off valve 31 the pilot pressure p3 that is & pressure corresponding to the
bleed-off command current input to the electromagnetic proporiional control valve 52, As with
the bleed-off valve 27 of Embodiment 1, the bleed-off valve device 27A configured as above
performs the bleed-off, .., exhausts the operating liguid from the main passage 22 at the flow
rate corresponding to the bleed-off command current.

(0071} In the hydraulic driving system 1A configured as above, when the calibration mode
is selected by the mode instructing device 44, the controller 30 performs the same calibration as
the hydraulic driving system 1 of Embodiment 1 to perform the calibration of the drive command
current and the bleed-off command current.  Regarding the calibration of the hydranlic driving
systern 1A, the calibration of the hydraulic driving system 1 of Embodiment 1 can be referred to,
and a detailed explanation thereof is omitted.

{00723 The hydraulic driving system 1A configured as above has the same operational
advantages as the hydraulic driving system 1 of Embodiment 1.

10073} Other Emboediments



in Step 53 1n the calibration of the present embodimsent, the movement command
cutrents are supplied to the flow control valve devices 24 to 26 such that the hydraulic evlinders
16 to 18 are moved in respective expanding directions from respective stop states, and then, the
calibration is performed. However, even when the hydraulic cylinders 16 to 18 are moved in
respective contracting directions from the respective stop states, the calibration can be performed.
Further, even when the hydraulic cylinders 16 1o 1R are stopped in a state where the hydraulic
cylinders 16 to 18 are moving in the respective expanding directions or even when the hydraulic
cylinders 16 to 18 are stopped in a state where the hydraolic cylinders 16 {0 18 are moving in the
respective contraciing directions, the calibration can be performed. For example, in the
calibration performed when the hydraulic cylinders 16 to 18 are siopped in a state where the
hydraulic eylinders 16 to 18 are moving in the respective contracting directions, the movement
command currents supplied to the flow control valves 31 are decreased such that the flow control
valves 31 move in respective closing directions in a state where the passages between the supply
passage 32 and the rod ports 16a 1o 18a are in respective open states.  In this case, when the
discharge preasure detecied based on the discharge pressure sensor 29 increases to reach the
relief pressure pr, the closing between the supply passage 32 and the rod ports 16ato 18a(ie, a
closing completion point) can be detected.  Then, a closing completion current can be
caleulated based on the movement command current at the time of the closing.  Further, by
adjusting a correspondence relation between the operation amount of the operating lever 41a and
the closing completion current based on the obtained closing completion current, the movernent
completion timing of the flow control valve device (24, 25, 26, 244, 254, 26A) can be adjusted.
As with the above, regarding the bleed-off valve 27 and the bleed-off valve device 27A, the
closing completion current can be calculated, and the above correspondence relation can be
adjusted.  Thus, the same operational advantages as above can be obtained.
(00741 In the hydraulic driving systems 1 and 1A of Embodiments 1 and 2, the operating
devices 41 to 43 are constituted by the electric joysticks but are not necessarily Hmited to these.
To be specific, the operating devices 41 to 43 may be hydraulic pilot type aperating devices. In
this case, by detecting the ouiput pressure from the operating valve by, for example, a pressure
sensor, the operation directions and operation amounts of the operating levers 41a 1o 43a can be
detected.  Further, in the hydraulic driving systems 1 and 1A of Erabodiments | and 2, the flow
control valves 31 and the electric spool valves 31A are configured to drive in accordance with
the comrnand signals but may be pilot type flow control valves.  In this case, the calibration
carmot be performed for the flow control valves 31 and the electric spool valves 31A, but the

calibration of the bleed-off command current can be performed by the above-described
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calibration.
[GO75] Further, in the hydraulic driving systems | and 1A of Embodiments 1 and 2, the
structure 19 of the hydraulic excavator 2 is made to take the initiad posture when the calibration
is performed. However, the structure 19 does not necessarily have to be made to take the initial
posture.  In addition, the structure 19 does not have to be made to take a predetermined posture
for every calibration.  Furthermore, in the hydraulic driving systems 1 and 1A of Embodiments
1 and 2, each of the hydraulic cylinders 16 to 18 is described as one example of the hydraulic
actuator, but the hydraulic actuator may be a hydraulic motor included in the travelling device 11
or the turning body 12
{0076} Further, in the hydranlic driving systems 1 and 1A of Embodimenis 1 and 2, the
pressure sensors are not provided at the output sides of the valve devices.  However, the
pressure sensors may be provided.  To be specifie, even if the pressure sensors are provided, the
calibration of the movement command current and the bleed-off command current is only
required to be performed by the above-described calibration without using the detection results
of the pressure sensors.
Reference Signs List
{0077} 1, 1A hydraulic driving system

t6  boom cylinder (hydraulic actuator and hydraulic cylinder)

17 arm cylinder (hydraulic actuator and hydraulic cylinder)

18 bucket eylinder (hydraulic actuator and hydraulic cylinder)

19 structure

21 hydraulic pump

21a  swash plate

21b  regulator

24,244  boom flow control valve device

25, 25A  amn How conirel valve devige

26,26A  bucket flow control valve device

27 bleed-off valve (bleed-off valve device)

274  bleed-off valve device

28 reliefvalve

29  discharge pressure sensor

30 controller

4lato 43a  operating lever (operating element)

44  mode instructing device
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CLAIMS
1. A hydraulic driving system comprising:

a flow control valve device interposed between a hydraulic pump and a hydranlic
actuator configured to be driven by an operating liquid discharged from the hydraulic pump, the
flow control valve device being contigured to adjust an opening degree between the hydraulic
pump and the hydraulic actuator in accordance with a movement command current to control a
flow rate of the operating liquid discharged from the hydraulic pamp, the movement command
current being sapplied to the flow control valve device;

a bleed-off valve device interposed between the hydraulic pump and a tank and
configured to adjust an opening degree between the hydraulic pump and the tank to control the
flow rate at which bleed-off of the operating liquid is performed;

a discharge pressure sensor configured to detect a discharge pressure of the hydraulic
pump;

a relief valve configured to, when the discharge pressure of the hydraulic pump
becomes a relief pressure or more, exhaust to the tank the operating liquid discharged from the
hydraulic pump;

an operating element configured to be aperated for driving the hydraulic actuator;
and

a controller configured to conirol a movement of the flow control valve device by
supplying to the flow control valve device the movement command current corresponding to an
operation amount of the operating element and also configured to control a movement of the
bleed-off valve device, wherein

the controller executes calibration in which:

in a state where the bleed-off valve device blocks between the hydraulic pump and
the tank, the controller changes the movement command current supplied to the flow control
valve device and makes the discharge pressure sensor detect the discharge pressure;

based on the detected discharge pressure and the relief pressure, the controller
detects at least one of an opening start current that is a current when the flow control valve
device starts opening and a closing completion current that is a current when closing of the flow
control valve device is completed; and

based on the detected at least one current, the controlier adjusts a correspondence
relation between the operation amount of the operating element and the at least one current.

2. The hydraulic driving system according to claim 1, wherein when changing the

movement command current supplied to the flow control valve device to detect the opening start
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current in the calibration, the coniroller makes the flow control valve device block between the
hydraulic pump and the hydraulic actuator, and then, changes the movement command current so
as to open between the hydraudic pump and the hydraulic actuator.
3. The hydraulic driving system according to claim 1 or 2, wherein:
the controller controls a displacement of a variable displacement pump that is the
hydrantic pump; and
in the calibration, the controller sets a discharge flow rate of the hydranlic pumpto a
predetermined flow rate or less.
4. The hydraulic driving system according to any one of claims 1 to 3, wherein before
the controller executes the calibration, the controller supplics the operating liquid through the
flow control valve device to a hydraulic eylinder, which is the hydraulic actuator, to make a rod
of the hydraulic cylinder move to a predetermined position,
5. The hydraulio driving system according to claim 4, wheregin:
the controller controls the movement of the flow control valve device to make the
rod of the hydraulic ¢ylinder moove to a stroke end that is the predetermined position; and
in order that the operating liquid flows through the flow conirol valve device in such
a direction that the rod of the hydraulic cylinder moves, the controller changes the movement
command current supplied to the flow control valve device.
6. The hydraulic driving system according o any one of claims 1 to 4, further
comprising an structing device configured to instruct an execution of the calibration, wherein
based on the instruction of the execution of the calibration from the instructing
device, the controller executes the calibration.
7. The hydraulic driving system according to any one of claims 1 to 6, wherein the
controller executes the calibration including:
a first processing in which
the controller detects a first opening start current that is the opening start current,
and
the controller adjusts a correspondence relation between the operation amount of
the operating element and the first opening start current; and
a second processing in which
the controller makes the discharge pressure sensor detect the discharge pressure
while changing the bleed-off cormmand current supplied to the bleed-off valve device,
based on the detected discharge pressure and the relief pressure, the controller

detects a second opening start current that is a current when the bleed-off valve device starts
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based on the detected second opening start current, the controller adjusis g
correspondence relation between the operation amount of the operating element and the second
opening start current.
8. ‘The hydraulic driving system according to any one of claims 1 to 6, wherein the
controller execuies the calibration including:

a first processing in which

the controller detects a first closing completion current that is the closing
completion current, and

the controller adjusts a correspondence relation between the operation amount of
the operating element and the first closing completion current; and

a second progessing in which

the controller makes the discharge pressure sensor detect the discharge pressure
while changing the bleed-off command current supplied to the bleed-off valve device,

based on the detected discharge pressure and the relief pressure, the controller
detects a second closing completion current that is a current when closing of the bleed-off valve
device is completed, and

based on the detected second closing completion current, the controller adjusts a
correspondence relation between the operation amount of the operating element and the second
closing completion current,
9. A hydraulic driving system comprising:

a bleed-off valve device interposed between a tank and g hydraulic pump configured
to supply an operating Hauid to a hydraulic actuator, the bleed-off valve device being configured
1o adiust an opening degree between the hydraulic pump and the tank in accordance with a
bleed-off command current 1o control a flow rate at which bleed-off of the operating liguid
discharged from the hydraulic pump is performed, the bleed-off command current being supplied
to the bleed-oif valve device;

a discharge pressure sensor configured to detect a discharge pressure of the hvdraulic
pump;

a relief valve configured to, when the discharge pressure of the hydraalic pump
becomes a relief pressure or more, exhaust to the tank the operating liguid discharged from the
hydraulic pump;

an operating clement configured to be operated for driving the hydraulic actuator;

and
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a controller configured to control a movement of the bleed-off valve device by
supplying io the bleed-off valve device the bleed-off command current corresponding to an
operation amount of the operating element, wherein

the controller execuies calibration in which:

the controller makes the discharge pressure sensor detect the discharge pressure
while changing the bleed-off command current supplied to the bleed-off valve device;

based on the detected discharge pressure and the relief pressure, the controller
detects at least one of an opening start current that is a current when the bleed-off valve device
starts opening and a closing completion current that is a current when closing of the bleed-off
valve device is completed; and

based on the detected at least one current, the controller adjusts a correspondence

relation between the operation amount of the operating element and the at least one current.
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