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(57) Abstract: Disclosed is an electric oil pressure system
of a construction equipment, the electric oil pressure system
including: a regeneration circuit unit included in control
valves 130 and 140 for controlling a channel of the oper-
ation oil supplied to the first and second group actuators,
the regeneration circuit unit connecting oil pressure lines
of each head side and each load side of the first and second
group actuators so as to supply a part of operation oil, which
is discharged from any one of each head side and each load
side of the first and second group actuators, to the other
side, when the working apparatus connected with the first
and second group actuators is driven by one selected from
its weight and inertia; and an actuator-used oil quantity cal-
culation unit 110, which calculates an measurement value
of oil pressure of each head side and each load side of the
first and second group actuators, a measurement pressure
value of oil discharged from each pump, and a measure-
ment value of an opening ratio of each control valve so as
to obtain a quantity of regenerated 0il Q,¢qcn, Which is again
supplied to the first and second group actuators through the
regeneration circuit unit, wherein the swash plate controller
1220 calculates a quantity of currently used oil Qscy; and
a quantity of 0il Qpuny to be discharged from the first and
second pumps 70a and 70b by subtracting the quantity of
regenerated 0il Quepen from a quantity of required oil Qg
input through operation of the joystick, thereby calculating
an angle of each swash plate of the first and second pumps
70a and 70b.
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ELECTRIC OIL PRESSURE SYSTEM OF CONSTRUCTION EQUIPMENT

Technical Field

The present 1invention relates to an electric oil
pressure system  of construction equipment, and more
particularly to an electric oil pressure system, which is
operated by an electric joy stick or a remote controller,
thereby providing the proper quantity of oil consumed in an

actuator and oil pressure.

Background Art

In general, construction equipment includes an engine, a
pump for generating oil pressure by using the power of the
engine, a controller for controlling the o0il pressure
generated in the pump through an oil pressure valve, and an
actuator operated by an oil pressure.

Particularly, the construction equipment described above
operates each actuator by controlling the quantity of oil and
oil pressure by means of an o0il pressure controlling system.
For example, when the construction equipment performs a
specific job, the actuator performs an operation of a boom, an
arm, a bucket, a swing, a travel-right, or a travel-left.

Moreover, the construction equipment includes a
plurality of pumps. One of the pumps relates to a left travel
operation, a swing operation, and an arm operation among
operations of the actuators described above, and another pump
relates to a right travel operation, a boom operation, a the
bucket operation among operations of the actuators described
above.

However, there 1is a problem with the above mentioned
conventional oil pressure controlling system.

During the operation of the construction equipment, an

actuator for performing a left travel operation and an
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actuator for performing a right travel operation are driven so
that the construction equipment moves forwards or backwards,
or changes a direction.

Meanwhile, while the construction equipment travels, the
boom, the arm, the bucket, or the swing can be driven. When a
separate actuator, which dcoesn’t relate to traveling, 1is
driven, overload is given to a pump relating to the
corresponding actuator, or the amount of operation oil is
biased to an actuator for performing a left travel operation
or an actuator for a right travel operation. Therefore, there
is a problem in that straightness of the construction
equipment’s movement cannot be secured.

That 1is, when the operation oil is distributed unevenly
so that the amount of o0il discharged from one pump of a
plurality of pumps is larger than the amount of oil discharged
from another pump, it is impossible to the secure the safety
of the construction equipment’s operation.

Meanwhile, in the conventional oil pressure controlling
system, it 1is impossible to predict or grasp quantity of oil
used in each actuator. Therefore, there is a problem that an
engine and the pump are driven excessively so as to allow
sufficient oil to be used in each actuator.

Also, because of excessive driving of the engine and the
pump, fuel efficiency of the construction equipment 1is

reduced, and energy is wasted.

Disclosure

Technical Problem

Therefore, the present invention has been made in view
of the above-mentioned problems, and it is an object of the
present invention to provide an electric oil pressure system

of a construction equipment, which accurately predicts the
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quantity of required oil, which corresponds to the operation
of a driver, so as to effectively operate a plurality of
pumps, thereby improving energy efficiency.

The object of the present invention is not limited to
the object mentioned above, and another object of the present
invention not mentioned above can be clearly understood by

those skilled in the art through the following description.

Technical solution

According to an aspect of the present invention, there
is provided an electric oil pressure system of a construction
equipment, the electric 01l pressure system including: first
and second pumps for supplying operation oil to connected
first and second group actuators in order to operate a working
apparatus, the first and second pumps discharging a changeable
quantity of operation oil; a first oil pressure line, through
which operation oil discharged from the first pump flows into
the first group actuator; a second oil pressure line, through
which operation oil discharged from the second pump flows into
the second group actuator; a direction control valve for
changing a flowing direction of operation oil so as to allow
operation oil of the first oil pressure line and operation oil
of the second oil pressure line to be joined; a swash plate
controller, which calculates a quantity of currently used oil
Qscyr @nd a quantity of oil to be currently discharged from the
first and second pumps Quum based on a quantity of required oil
Qset 1nput through operation of a joystick, adds/subtracts a
gquantity of o0il, which is joined when the operation oil of the
first oil pressure line and the operation oil of the second
oil pressure line are joined, to/from the quantity of oil to
be discharged Qpump, and calculates an angle of each swash plate
of the first and second pumps so as to allow a quantity of

0il, which corresponds to a result value obtained through the
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adding/subtracting, to be discharged; and an electro
proportional pressure reducing valve driving unit for
controlling an angle of each swash plate of the first and
second pumps according to a result value determined by the
swash plate controller.

Also, the electric o1l pressure system may further
include regeneration circuit unit included in first and second
control valves for controlling a channel of the operation oil
supplied to the first and second group actuators, the
regeneration circuit unit connecting o0il pressure lines of
each head side and each load side of the first and second
group actuators so as to supply a part of operation oil, which
is discharged from any one of each head side and each load
side of the first and second group actuators, to the other
side, when the working apparatus connected with the first and
second group actuators 1is driven by one selected from its
weight and inertia; and an actuator-used o©il quantity
calculation unit, which calculates an measurement value of oil
pressure of each head side and each load side of the first and
second group actuators, a measurement pressure value of oil
discharged from each pump, and a measurement value of an
opening ratio of each contrel valve so as to obtain a quantity
of regenerated o0il Qregen, which is again supplied to the first
and second group actuators through the regeneration circuit
unit, wherein the swash plate controller may calculate a
quantity of currently used o0il Qscy1 and a quantity of oil to be
discharged from the first and second pumps Quum by subtracting
the quantity of regenerated o0il Qpegen from a quantity of
required o0il Qg+ input through operation of the Jjoystick,
thereby calculating an angle of each swash plate of the first
and second pumps.

Also, the electric oil pressure system may include: a

discharged o0il quantity calculation unit, which calculates a
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detection wvalue obtained by detecting an angle of each swash
plate of the first and second pumps in driving, a detection
value obtained by detecting the number of rotations of the
first and second pumps, and a detection value obtained by
detecting discharge pressure of operation oil discharged by
the first and second pumps, thereby obtaining a quantity of
0il discharged by the pumps OQspump, wherein the swash plate
controller calculates an angle of each swash plate of the
first and second pumps, the angle of the swash plate allowing
a quantity of remaining o0il, which is obtained by excepting
the quantity of regenerated o0il Quegen and the quantity of
discharged o0il Qspump from the quantity of required 0il Qget, to
be further discharged from the first and second pumps.

Also, wherein each opening ratio of the first and second
control wvalve 1is obtained by calculating spool positions of
the first and second control valves, which have been measured
by first and second spool position detection parts, and the
number of rotations of the first and second pumps is obtained
by calculating a rotation speed of an engine, which has been
detected by an engine speed detection unit.

Also, the first pump may supply operation oil to the
first group actuator including a right travel motor in a
normal state, and the second pump may supply operation oil to
the second group actuator including a left travel motor in a
normal state, wherein, when a complex operation including a
traveling operation and a typical work is performed, through
switching of the direction control valve, the first pump may
supply operation oil to the first group actuator and the
second group actuator, except for the left travel motor, and
the second pump may supply operation oil only to the right
travel motor and the left travel motor, and wherein the swash
plate control unit controls an angle of each swash plate of

the first and second pumps by reflecting switching between
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actuators relating to the first pump and actuators relating to
the second pump.
Also, a gquantity of o©¢il to be supplemented from the

first pump 70a Qest may be obtained by an equation,

2p, —py)
Qrest = chptftravelfL L 4

P

wherein Qrest refers to a quantity of o©0il to be
supplemented from pump 1 through a boom operation, an arm
operation, a bucket operation, and a swing operation, Apt travel L
refers to an open area of a center bypass channel in a right
travel spool, P; refers to pressure of the first pump 1, P,
refers to pressure of the second pump 2, Cq refers to
coefficient of a quantity of oil, and p refers to fluid
density.

Also, a quantity of oil to be supplemented from the

second pump 70b Qtravel 2 May be obtained by an equation,

2(p, = p))
thvel_Z = Cqurive —=2 ’

Yo,

wherein Otravel 2 refers to a quantity of oil to be
supplemented from the second pump through a travel operation,
Agrive refers to orifice area, Pl refers to pressure of the
first pump, P, refers to pressure of the second pump, C, refers

to coefficient of a quantity of oil, and p refers to fluid

density.

Advantageous Effects
As described above, an electric oil pressure system of
construction equipment according to one embodiment of the

present invention can detect operational state of each
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actuator, and control the flow direction controlling wvalve by
performing electric calculations respective to a detected
signal, thereby preventing operation o0il from being unevenly
distributed to any one side. As a result, the safety of
driving the construction equipment is secured.

Also, the electric oil pressure system of construction
equipment according to an embodiment of the present invention
can accurately predict and control the quantity of o0il so that
operation time of an engine and a pump can be reduced to be an
optimal time. Also, the quantity of o0il and o0il pressure can
effectively be controlled, and fuel efficiency can be

improved.

Brief Description of the Drawings

The foregoing and other objects, features and advantages
of the present invention will become more apparent from the
following detailed description when taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a view showing an example of construction
equipment;

FIG. 2 1is a view showing an oil pressure circuit for
describing an electric oil pressure system of construction
equipment according to one embodiment of the present
invention;

FIG. 3 is a view showing an example of a controller of
an electric o0il pressure system of construction equipment
according to one embodiment of the present invention;

FIG. 4 is a view showing an example of an o0il pressure
circuit for describing an electric oil pressure system of
construction equipment according to one embodiment of the
present invention;

FIG. 5 1is a schematic view showing the oil pressure

circuit of FIG.4;
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FIG. 6 is a view showing an example of an oil pressure
circuit for describing the driving of a specific actuator of
an electric o0il pressure system of a construction equipment
according to one embodiment of the present invention during
the traveling of a construction equipment;

FIG. 7 is a schematic view showing an example of the oil
pressure circuit of FIG.6; and

FIG. 8 is a view showing an oil pressure circuit for
describing an example of regeneration of oil discharge in an
electric o0il pressure system of <construction equipment

according to one embodiment of the present invention.

Best Mode

An electric o0il ©pressure system of a construction
equipment according to an embodiment of the present invention
includes: first and second pumps 70a and 70b for supplying
operation oil to connected first and second group actuators in
order to operate a working apparatus, the first and second
pumps discharging a changeable quantity of operation oil; a
first o0il pressure line 91, through which operation oil
discharged from the first pump 70a flows into the first group
actuator; a second oil pressure line 97, through which
operation oil discharged from the second pump 70b flows into
the second group actuator; a direction control valve 80 for
changing a flowing direction of operation o0il so as to allow
operation oil of the first oil pressure line 91 and operation
0il of the second o0il pressure line 97 to be joined; a swash
plate controller 1220, which calculates a quantity of
currently used oil Qs and a quantity of oil Qum to be
currently discharged from the first and second pumps 70a and
70b based on a quantity of required o0il Qset 1input through
operation of a Jjoystick, adds/subtracts a gquantity of oil,

which 1s Joined when the operation oil of the first oil
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pressure line 91 and the operation oil of the second oil
pressure line 97 are joined, to/from the quantity of oil to be
discharged Qpum, and calculates an angle of each swash plate of
the first and second pumps 70a and 70b so as to allow a
quantity of oil, which corresponds to a result value obtained
through the adding/subtracting, to be discharged; and an
electro proportional pressure reducing valve driving unit 230
for controlling an angle of each swash plate of the first and
second pumps 70a and 70b according to a result value

determined by the swash plate controller 1220.

Mode for Invention

Hereinafter, an advantage and a characteristic of the
present invention and a method for achieving them will be
clear with reference to an embodiment, which will be described
below with accompanying drawings.

In the following description, the same elements will be
designated by the same reference numerals although they are
shown in different drawings.

Hereinafter, an electric oil pressure system according
to an embodiment of the present invention will be described
with reference to FIGs. 1 to 4.

FIG. 1 is a view showing an example of construction
equipment, FIG. 4 is a view showing an example of an oil
pressure circuit for describing an electric oil pressure
system of construction equipment according to one embodiment
of the present invention, and FIG. 5 is a schematic view
showing the oil pressure circuit of FIG.4.

As shown in FIGs.l1 and 4, a construction eguipment
includes an upper body rotating on an upper side of a lower
part, a boom arranged on a front part of the upper body in
such a manner that it can perform an angular rotation in an

up-down direction, an arm arranged outside of the boom in such
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a manner that it can perform an angular rotation in an up-down
direction, and a bucket arranged outside of the arm in such a
manner that it can perform an angular rotation in an up-down
direction.

Moreover, working actuators 40, 50, and 60 for driving
the boom, the arm, and the bucket, which have been described
above, respectively, are arranged. Also, a first pump 70a or a
second pump 70b for supplying operation oil to the above
described working actuators and an engine are arranged at the
upper body described above.

Also, a first travel motor 10 and a second travel motor
20, which relates to traveling of the construction equipment,
are further arranged, and a first actuator 30 for rotating the
upper body described above is arranged.

The first pump 70a or the second pump 70b described
above changes and outputs the quantity of operation oil and
0il pressure according to control angle of a swash plate. At
this time, discharged operation oil is supplied to each of the
working actuators described above.

The respective working actuators described above may be
the first actuator 30 for rotating the upper body, a second
actuator 40 for elevating the boom, a third actuator 50 for
folding or unfolding the arm, and a fourth actuator 60 for
driving the bucket.

Also, a direction controlling valve 80 may be arranged
between the first pump 70a or the second pump 70b and the
respective working actuators described above. The above-
described direction contrclling valve 80 has two positions and
four ports. Therefore, when the direction controlling valve 80
is positioned at a first position, an input port and an output
port are directly connected with each other, and when it is
positioned at a second position, the input port and the output

port cross each other.

10



10

15

20

25

30

WO 2009/084853 PCT/KR2008/007647

The first pump 70a or the second pump 70b, which has
been described above, regenerates operation o0il by using
potential energy of the boom, the arm, and the bucket and
inertia energy generated by the rotation of the upper body,
thereby saving energy and reducing the load of the engine and
the first pump 70a or the second pump 70b. Also, the first and
second pumps 70a and 70b can be controlled by using the
potential energy and the inertia energy, which are described
above. This will be described in detail with reference to
FIGs. 2 and 3.

FIG. 2 is a view showing an o0il pressure circuit for
describing the electric o0il pressure system of construction
equipment according to one embodiment of the present
invention, and FIG. 3 is a view showing an example of a
controller of the electric oil pressure system of construction
equipment according to one embodiment of the present
invention.

The working actuators, which drive the boom, the arm,
and the bucket, respectively, are arranged at the construction
equipment. A pump 110 and an engine 120 for supplying
operation oil to the working actuator described above are
arranged at the above-described upper body.

The pump 110 described above changes and outputs
quantity of operation o0il and pressure thereof by controlling
the angel of the swash plate. At this time, discharged
operation o0il is supplied to each actuator described above.

Also, a swash plate angle detection unit 111 is arranged
at one side of the above-described pump 110 so as to detect
the angle of the swash plate described above. A discharged oil
pressure detection unit 112 is arranged at another side of the
pump 110, from which operation oil 1is discharged, so as to

detect the pressure of discharged operation oil.

11
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An engine speed detection unit 121 is arranged at one
side of the engine 120 described above so as to detect speed
of the engine 120, and power output from the engine 120 1is
supplied to the pump 110 described above.

An actuator pressure detection part, which is connected
with the corresponding working actuator in such a manner that
it allows operation oil to be delivered and can be driven by
the above-described pump 110 and detects oil pressure of a
head side and a load side of the working actuator described
above, is arranged.

For example, the working actuator described above may be
a first actuator 150 for driving the arm and the second
actuator 160 for driving the boom. The actuator pressure
detection unit may be arranged at each working actuator.

For example, as shown in FIGs. 2 and 8, in order to
detect o0il pressure applied to the first actuator 150
described above, a first head side pressure detection unit 151
may be arranged on a head side of the first actuator 150, and
a first load side pressure detection unit 152 may be arranged
on a load side of the first actuator.

Also, as shown in FIG. 2, in order to detect oil
pressure applied to the second actuator 160 described above, a
second head side pressure detection unit 161 is arranged on a
head side of the second actuator, and a second load side
pressure detection unit 162 is arranged on a load side of the
second actuator.

Also, as a control wvalve for controlling the working
actuators described above, a first control wvalve 130 may be
arranged on the first actuator 150, and a second control valve
140 may be arranged on the second actuator 160.

Also, a plurality of spools for switching channels,
which are connected with each head side and each load side of

the actuators 150 and 160, respectively, to each other, a

12
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channel 132, a check valve 133, and an orifice, etc. may be
included in the first and second control valves 130 and 140.
Techniques about spools, channels (orifices), etc. are well
known. Therefore, descriptions of them will be omitted.

Also, a spool position detection unit for detecting the
position of each spool is arranged on one side of the control
valve described above. For example, a first spool position
detection unit 131 is arranged on the first control valve 130
described above, and a second spool position detection unit
141 1is arranged on the second control wvalve 140 described
above.

The first and second control wvalves 130 and 140
described above can change the progressing direction of
operation oil according to the movement of the spool, and the
spool 1s moved according to an applied electric control
signal.

That is, the position of the spool of the control valve
described above can be calculated by using a result value
measured by the first spool position detection unit 131 and
the second spool position detection unit 141, and the result
value, which has been calculated above, can be used as basic
data for calculating an opening ratio of the control valve.

Also, a regeneration circuit part, which connects oil
pressure lines of the head side and the load side of the
actuator with each other, thereby supplying a part of
operation oil discharged from one of the head side and the
load side of the actuator to the other side of the actuator
when a working apparatus connected with the actuator described
above 1s driven by weight or inertia, is further arranged.

Moreover, a controller C, which receives detection
result wvalues from the swash plate angle detection unit 111
described above, the discharged o0il pressure detection unit

112, the engine speed detection wunit 121, the actuator

13
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pressure detection part, and the spool position detection
part, calculates them, and controls the pump 110 and the
control valve according to calculated result values, 1is
further arranged.

Moreover, an electronic joystick 1300 can be arranged in
the controller C described above, and the electronic joystick
1300 is operated by a driver of the construction equipment. An
electric control signal 1s generated when the electronic
joystick 1300 is operated, and the control signal is applied
to the controller C described above.

The controller C will be described in detail with
reference to FIG. 3.

The controller C described above includes a valve
controller 1100 and a pump controller 1200.

The valve controller 1100 described above includes an
actuator-used oil quantity calculation unit 110 for
calculating an o1l quantity value Qs used in the working
actuator described above, a spool controller 120 for
calculating a difference in o0il quantity values between a
required oil quantity value Qs+t generated by controlling the
electric Jjoystick 1300 described above and a result value from
the actuator-used oil quantity calculation unit 110 so as to
obtain a spool control result value, and an electro
proportional pressure reducing valve driving unit 230 for
driving the spool of the control valve by using the result
value calculated by the spocl controller 120.

In the actuator-used o0il quantity calculation unit 110
described above, a result wvalue obtained by detecting the
position of a spool in the control valve described above is
authorized, a result value detected in the actuator pressure
detection unit described above 1is authorized, and a result
value detected in the discharged oil pressure detection unit

112 is authorized.

14
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The pump controller 1200 described above includes a
discharged o0il quantity calculation unit 210 for calculating
the quantity of oil discharged from the pump 110, a swash
plate controller 220 for calculating the o0il quantity value
Opumps Which 1s obtained by subtracting the quantity of
regenerated oil obtained by calculating a value detected in
the actuator pressure detection unit described above from the
quantity of required o0il Qg+ required by controlling the
electric joystick, and the quantity of oil discharged from the
pump 110, thereby calculating an incline angle of the swash
plate, and an electro proportional pressure reducing valve
driving unit 230 for controlling the pump 110 by using a
result value determined in the swash plate controller 220.

In the discharged oil quantity calculation wunit 210
described above, the detection value detected in the swash
plate angle detection unit 111 described above and the
detection value detected in the engine speed detection unit
121 described above are authorized. Also, a detection value
detected in the swash plate angle detection unit 111 is
authorized in the swash plate controller 220.

Hereinafter, the quantity of regenerated oil in the
electric o0il pressure system of the construction equipment
according to an embodiment of the present invention will be
described with reference to FIG. 3.

First, a command signal generated from the electric
joystick 1300 is received in the controller C.

The command signal described above may be a signal
corresponding to the required o0il quantity Qset in accordance
with a speed of the actuator.

In the actuator-used o0il quantity calculation unit 110
described above, a detection wvalue of spool displacement 1is
authorized from the first spool position detection parts 131

arranged at the first control wvalve 130 or the second spool
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position detection unit 141 arranged on the second control
valve 140, a detection wvalve 1s authorized from the first or
second head side pressure detection unit 151 or 161 described
above and the first and second load side pressure detection
unit 152 or 162, and a detection value of the discharged oil
pressure detection unit 112 is authorized.

At this time, the actuator-used oil quantity calculation
unit 110 predicts the quantity of oil currently used by the

actuator through the orifice equation of equation (1) below.

2 - P
QLW,=C%A(xx/—&Bﬂ%§——iﬂz .. equation (1)

In equation (1), Qscyi: the quantity of oil used in the
actuator,

Ppump: pump discharge pressure,

Peyi: load pressure of the actuator,

A(x): area of the opening of a value, which 1is
prescribed as spool position x,

Cq: coefficient of the quantity of oil,

p: fluid density.

The spool controller 120 described above receives an
error value between the quantity of oil to be used in the
actuator Qset, which is required by operating the electric
joystick 1300, and the quantity of o0il currently used in the
actuator Qscy1, thereby determining the position of the spool of
the first or second control valve 130 or 140.

Herein, various control algorithms are implemented so as
to allow the error value to rapidly become extinct. For
example, the spool position order Xspool determined in the
spool controller is converted to an electric signal (supply
current) through the electro proportional pressure reducing

valve driving unit 230, and the position of the spool of the
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first or second control valve 130 or 140 described above is
changed by the electric signal.

The pump controller 1200 described above controls the
angle of the swash plate of the pump 110 so as to allow the
pump to discharge as much o1l as the working actuator
requires.

The pump controller 1200 includes the discharged oil
quantity calculation unit 210 for predicting the quantity of
currently discharged oil, the swash plate angle controller 220
for comparing the quantity of oil required by the pump with
the quantity of currently discharged o0il, calculating them,
and generating a control command for controlling the angle of
the swash plate, and the -electro proportional pressure
reducing valve driving unit 230 for driving a electro
proportional pressure reducing valve, which generates pressure
for adjusting the angle of the swash plate.

The quantity of oil required by the pump Qpump described

above is defined by equation (2) below.

Opump = Qset — Qregen ..equation (2)

In eguation (2), Qpum: the quantity of oil required in
the pump,

Qset: the value of the quantity of required oil, which is
generated by controlling the electric joystick, and

Qregen: the quantity of regenerated oil.

The discharged oil quantity calculation unit 210
described above receives an authorized detection wvalue from
the swash plate angle detection unit 111 and an authorized
detection value from the engine speed detection unit 121 so as
to calculate the quantity of oil currently discharged form the

pump through equation (3) below.
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Qspump =w-AV ...equation (3)

In equation (3),

Qspump: the quantity of currently discharged oil,

®: rotation speed of the engine, and

V: the quantity of oil discharged from the pump.

The swash plate controller 220 described above receives
an error value between the quantity of o0il required from the
pump Qpup and the quantity of currently discharged oil Qspump
and receives a detection wvalue from the discharged oil
pressure detection unit 112 of the pump 110 so as to calculate
the swash plate angle.

Herein, various control algorithms can be implemented so
as to allow error vales to rapidly become distinct. For
example, the swash plate angle control algorithm may be a flow
control algorithm or a horsepower algorithm.

A swash plate angle command Xangle determined by the
swash plate controller 220 described above is converted to a
control signal (supply current) through the electro
proportional pressure reducing valve driving unit 230.

In general, there is a difference between the quantity
of ©0il required by the pump OQpup and the quantity of oil
required by controlling the electric joystick Qset because of
an oill quantity regeneration effect of the valve. The quantity
of oil required by the pump Qum has to be calculated in
consideration of o0il quantity regeneration which is changed
according toc a characteristic of the working actuator.

The regeneration of the quantity of oil, which has been
described above, refers to a function implemented in the
control valve, 1in which operation oil, which is discharged
from one side of the cylinder (or a motor) due to potential
energy generated when the arm crowds and the boom is elevated

down and inertia energy generated when the upper body is
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rotated, is re-supplied to the other side of the cylinder (or
the motor) so that the quantity of required o0il is reduced.

That is, when the arm crowds or the boom is elevated
down, the quantity of o0il discharged from the actuator isn’t
allowed to flow to a tank due to the weight of the arm or the
boom, but is used as a part of the quantity of oil introduced
into the actuator, thereby reducing energy and increasing the
speed of the construction equipment.

Therefore, the quantity of o0il required by the pump
Qpump, which 1is actually discharged from the pump, corresponds
to a value obtained by subtracting the quantity of regenerated
01l Qregen from the quantity of required oil Qgt, which 1is
required by controlling the electric joystick.

The working actuator according to an embodiment of the
present invention may be the first actuator 150 for driving
the arm or the second actuator 160 for driving the boom.

The first actuator 150 described above drives the arm
and uses the quantity of regenerated o0il when the first
actuator 150 performs an extending operation.

When the arm crowds, the quantity of oil in the load
side of the first actuator 150 is discharged due to the weight
of the arm.

The quantity of o0il passes through the main spool Age of
the first control wvalve 130 and a channel 135 of a
regeneration release circuit and flows into the tank.

Meanwhile, the speed of the o0il, which has passed
through the main spool, is <controlled by a miter-out
controlling method so that pressure p* of the oil is higher
than pressure of o0il of the head side of the cylinder of the
first actuator 150.

Therefore, as shown in FIG. 8, a part of the quantity of

0il of the load side passes through the first inner channel
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132 and joins the quantity of oil of the pump to be supplied
to cylinder head of the first actuator 150.

The above-described quantity of regenerated oil Qregen,
which 1is used in the first actuator 150, can be calculated

through equation (4) and equation (5) below.

W p*—
O egen = CgAregen _EE__fQMQL .. equation (4)
\ yel

paZQszcyl
2% A2

g out

pE=p,., - ..equation (5)

In equations (4) and (5), OQregen: the quantity of
regenerated oil,

Ayegen: the area of a channel of a regeneration valve (a
check wvalve),

P*: pressure between the spool and the regeneration
release circuit,

Poup: pump discharge pressure,

Cq: flow of the quantity of oil,

p: fluid density,

a=Arod/Rhead: the ratio of the area of the head of the
cylinder in the arm to the area of the head thereof,

Qscy1: the quantity of oil used in the actuator,

Aout: the area of the opening of the spool connected from
the actuator to the tank, and

Prog: load pressure of the lode side of the arm.

Also, when the boom is lower, the quantity of
regenerated oil is generated.

When the boom is elevated down, a part of the quantity
of oil in the head side of the actuator 160 passes through the
second inner channel 142 due to the weight of the boom so as
to be regenerated in the load side of the boom. At this time,

the quantity of regenerated o0il Qiegen, which 1is regenerated in
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the second actuator 160, can be calculated through equation

(o).

2 _
O, ogen = CqA,.ege,,\/ Prewt = Py .. equation (6)
P

In equation (6), Qregen: the quantity of regenerated oil,

Aregen: the area of the channel of the regeneration valve
(the check wvalve),

Ppup: pump discharge pressure,

Cq: coefficient of the quantity of oil,

p: fluid density, and

Pheaa: load pressure of the head side of the boom.

Therefore, the quantity of required oil, which will be
discharged by actually operating the pump, can be calculated
through equation (7) below.

Qhwwzzzzgld-—zsz%m .equation (7)

In equation (7)), Qpum: the gquantity of o0il to be
discharged by operating the pump,

Qset: the quantity of o0il required by controlling the
electric joystick, and

Qregen: the quantity of oil regenerated in the first or
second actuators 150 and 160.

On the other hand, as shown in FIG. 5, the first pump
70a relates to a first group actuator including the first
travel motor 10, the second actuator 40, and the fourth
actuator 60, thereby supplying the operation oil. The second
pump 70b relates to a second group actuator including the
second travel motor 20, the third actuator 50, and the first

actuator 30, thereby supplying the operation oil.
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Also, operation oil discharged from the first pump 70a
flows to a first oil pressure line 91 to be supplied to the
first group actuator described above, and operation oil
discharged from the second pump 70b flows to a second oil
pressure line 97 to be supplied to the second group actuator
described above.

Also, a direction controlling valve 80, which allowing a
flowing direction of operation oil to be changed or allowing
the operation o0il to be joined, can be further arranged at the
first oil pressure line 91 and the second o0il pressure line
97, which have been described above.

The actuator, to which the first pump 70a and the second
pump 70b according to an embodiment of the present invention,
which have been described above, relate, 1is defined by

equation (8) and equation (9) below.

qumpl = Qtravel_L + QSwing + QBoom2 + QArml "'equation ( 8 )

qumpZ = QtraveliR + QBucket + QBooml + QArmZ "'equation ( 9 )

In equations (8) and (9),

Qpump1: the quantity of oil discharged from the first pump

70a,

Qpumpz: the quantity of oil discharged from the first pump
70b,

Qtravel ¢ the quantity of oil required in the first travel
motor 10,

Qtravel r: the quantity of o0il required in the second
travel motor 20,

Qswing: the quantity of oil required in the first actuator
30, which is a rotation motor,

Oboorz and  Qpoom1: The quantity of o0il reqguired in the

second actuator 40 for operating the boom,
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Qarmi and Qarmp: the quantity of o0il required in the third
actuator 50 for operating the arm, and

Opucket: the quantity of o0il required in the fourth
actuator 60 for operating the bucket.

Therefore, in a state where travelling of the
construction equipment has been stopped, that is, in a state
where the first and second travel motors 10 and 20 aren’t
driven, respective working actuators described above can be
driven, and such a state is the normal state.

Afterward, when the construction equipment is moved, the
first and second travel motors 10 and 20 are driven. Also, it
is possible to drive the actuator while the construction
equipment moves. For example, as shown in FIG. 6, when the
fourth actuator 60 for operating the bucket is driven, the
direction controlling valve 80 described above i1s operated so
that an oil pressure circuit is changed.

At this time, the actuator, to which the first pump 70a
and second pump 70b described above relate, 1s defined by

equation (10) and equation (11) below.
qumpl = QtravelfR + thvel_L + Qrest equation ( 10 )

qumpZ = thve172 + Qbucket + sting + QBooml + QBoom2 + QArmZ + QArml

.equation (11)

The quantity of o0il to be supplemented to equation (10)
can be calculated through equation (12) below, without the

need for installing a separate sensor.

O =cA 2(p,—p,)
rest

=C, A, yaver L . equation (12)
-7 P
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In equation (12), Qrest: the quantity of o0il supplemented
from the pump through a boom operation, an arm operation, a
bucket operation, and a swing operation,

Apt traver ¢ the area of an opened center bypass channel of
a right travel spool,

P;: pressure 1 of the first pump,

P,: pressure 2 of the second pump,

Cq: coefficient of the quantity of oil,

p: fluild density.

Also, the quantity of oil to be supplemented to equation
(11) can be calculated through eguation (13) below, without

the need for installing a separate sensor.

Q __CA 2(p2_p1)
tra

vel 2 = Colipive . equation (13)
- P

In equation (13), Qtravel 2+ the quantity of oil
supplemented from the second pump through a travel operation,

Agrive: Orifice area,

P1: pressure of the first pump,

P,: pressure of the second pump,

Cq: coefficient of the quantity of oil, and

p: fluid density.

Meanwhile, as described above, change of the
configuration of the o0il pressure circuit can be recognized
through spool displacement sensed by a displacement sensor e
in the actuator-used oil quantity calculation unit.

Hereinafter, the change of the configuration of the oil
pressure circuit will be described in detail with reference to
FIGs. 4 to 7 showing another embodiment according to the
present invention.

If the direction controlling valve 80 isn’t operated,

and oil pressure is supplied to a working actuator, to which
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the first and second pumps 70a and 70b relate, under a basic
configuration, any one of the first and second pumps 70a and
70b has to supply operation oil to another working actuator
because the first and second travel motors 10 and 20 are being
driven. Therefore, shortage of oil pressure can occur, and
what 1s worse, it can not be certain that the first pump 70a
and the second pump 70b rotate with the same number of
rotations so that straiéhtness of the construction equipment’s
movement may not be ensured.

However, 1in the electric o0il pressure system of a
construction equipment according to an embodiment of the
present invention, when a signal for driving the working
actuator described above is applied, the position of the
direction controlling valve 80 1is changed from a first
position to a second position so that the second pump 70b
described above 1s connected with the first travel motor 10
described above, and the first pump 70a described above is
connected with the working actuator described above.

Therefore, the second pump 70b relates to the first
travel motor 10 and the second travel motor 20 so that
straightness of the construction equipment’ movement can be
ensured, and the working actuator can be operated during
traveling of the construction equipment.

Also, a plurality of control valves for controlling the
working actuator described above and the first and second
travel motors 10 and 20 described above may be arranged.
Particularly, a plurality of detection parts for detecting the
position of a spool of each control valve can be arranged on
the control valves described above.

A controller C, which receives detection values from a
plurality of detection parts, performs a calculation
respective to the values, and sends a command signal to the

direction controlling valve 80 according to the calculated
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result wvalues, can be arranged, and the controller C 1is
connected with an electric Jjoystick 1300 arranged at an
operation room of the construction equipment.

Meanwhile, a first <check wvalve 81, which supplies
operation oil discharged from the first pump 70a to the first
travel motor 10 and prevents counter-flowing of operation oil,
can be further arranged.

When the position of the direction controlling valve 80
described above is changed to the second position so that the
second pump 70b relates to the first and second travel motors
10 and 20, the first check valve 81 allows a part of operation
oil discharged from the first pump 70a to be supplied to the
first travel motor 10.

Meanwhile, a second check valve 82, which supplies
operation oil discharged from the second pump 70b described
above to the working actuator described above and prevents
counter-flowing of the operation oil, can be further arranged.
Also, a second control valve 200 for controlling driving of
the second travel motor 20 described above can be further
arranged.

Particularly, when the second control wvalve 200
described above is stopped, operation oil discharged from the
second pump 70b passes by a center bypass port of the second
control valve 200 to be delivered to the second check valve
82, and the operation oil passed by the second check valve 82
can be supplied to some of working actuators. In more detail,
the operation oil can be supplied to the first actuator 30 and
the third actuator 50.

Hereinafter, an example of operation of the electric oil
pressure system of the construction equipment according to an
embodiment of the present invention will be described with

reference to FIGs. 5 and 6.
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In FIG. 5, it can be understood that actuators, to which
the first pump 70a relates, and actuators, to which the second
pump 70b relates, are clearly distinguished from each other.

Particularly, the first pump 70a relates to the second
actuator 40 for driving the first travel motor 10 and the boom
and the fourth actuator 60 for driving the bucket. The second
pump 70b relates to the third actuator 50 for driving the
second travel motor 20 and the arm and the first actuator 30
for performing the swing operation of the upper body.

Particularly, in a state where the <construction
equipment doesn’t travel, that is, in a state where the first
and second motors 10 and 20 are not driven, each working
actuator is driven.

Hereinafter, when the construction equipment travels,
the first and second travel motors 10 and 20 are driven.

As described above, when the working actuator is driven
during traveling of the construction equipment, the operation
of the working actuator is detected by the spool position
detection unit arranged at each control wvalve, and a driving
signal is delivered to the controller C.

The controller C described above determines 1f the
working actuator operates or not while the first and second
travel motors 10 and 20 are driven. When it is determined that
the working actuator 1is driven while the first and second
travel motors 10 and 20 are driven, the position of the
direction controlling valve 80 1is changed into the second
position.

That is, as shown in FIG. 6, the oil pressure circuit is
changed when the direction controlling valve 80 is operated.
The oil pressure circuit of FIG. 6 can be briefly shown in the
concept view of FIG. 7.

As shown in FIG. 6 or 7, the first pump 70a supplies

operation oil to the working actuator and the second pump 70b
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is used exclusively for the first and second travel motors 10
and 20.

At this time, a part of the operation oil discharged
from the first pump 70a can join operation oil of an oil
pressure line supplied from the second pump 70b through the
first check valve 81.

Therefore, the second pump 70b can evenly supply a fixed
quantity of operation oil to the first travel motor 10 and the
second travel motor 20 so that it is possible to accurately
move the construction equipment, and especially, straightness
of the construction equipment’s movement can be secured.

Particularly, the gquantity of required o0il Qgt 1S
calculated based on a signal output from an electronic
operation device, and the quantity of oil currently discharged
from the pump and the quantity of currently used oil Qg is
subtracted through a sensor installed at the control valve and
the oil pressure line. As a result, the quantity of 01l Qpumw,
which has to be additionally discharged from the pump, 1is
calculated. When operation o0il discharged from the first pump
70a and operation oil discharged from the second pump 70b join
each other, the quantity of discharged o0il Qpump 1s modified in
consideration of the quantity of the Jjoined o0il, and then, an
angle of the swash plate of the first pump 70a or the second
pump 70b can be controlled.

Additionally, the working actuator can be driven during
the construction equipment’s movement so that it is possible
to perform complex work.

In the conventional art, a driving operation 1is
excessively performed so as to compensate for shortage of oil
pressure, which 1is generated according to operation of the
working actuator during the operation of the first pump 70a or
the second pump 70b. Meanwhile, in the electric oil pressure

system of a construction equipment according to an embodiment
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of the present invention, the optimal quantity of oil required
for driving the first and second travel motors 10 and 20 and
the working actuator can be discharged without the need for
performing such an excessive driving operation shown 1in the
convention art. As a result, fuel efficiency can be improved.

Moreover, as described above, the detection value
obtained in each detection wunit is calculated in the
controller C, and the first or the second control valve 130 or
140 and the pump 110 are controlled so that the optimal
quantity of o0il, which corresponds to the quantity of required
0il, can be discharged.

That 1is, as described above, 1in the electric oil
pressure system according to an embodiment of the present
invention, it 1s ©possible to supply and distribute the
accurate quantity of o0il while sufficiently performing a
function of regenerating the quantity of oil in a conventional
open center flow control oil pressure system and a function of
operating two pumps and securing reliability of a product
which has been already authorized.

While the present invention has been shown and described
with reference to certain an exemplary embodiment thereof, it
will be understood by those skilled in the art that various
changes 1in form and details may be made therein without
departing from the spirit and the necessary character of the
invention.

Accordingly, an exemplary embodiment of the present
invention has been described for illustrative purposes and not
for limiting purposes. The scope of the invention is not to be
limited by the above embodiments but by the claims and the

equivalents thereof.

Industrial Applicability
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The electric o0il pressure system according to an
embodiment o©f the present invention can Dbe employed in
construction equipment. Also, although a plurality of pumps
are included, and the pumps relate to each specific actuator,
it 1s possible to prevent operation oil from being unevenly
distributed to any one side, thereby securing the safety of

the construction equipment’s operation.
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Claims

1. An electric oil pressure system of a construction

equipment, the electric oil pressure system comprising:

first and second pumps 70a and 70b for supplying operation
oil to connected first and second group actuators in order to
operate a working apparatus, the first and second pumps
discharging a changeable quantity of operation oil;

a first oil pressure line 91, through which operation
0il discharged from the first pump 70a flows into the first
group actuator;

a second o0il pressure line 97, through which operation
oil discharged from the second pump 70b flows into the second
group actuator;

a direction control valve 80 for changing a flowing
direction of operation oil so as to allow operation oil of the
first oil pressure line 91 and operation oil of the second oil
pressure line 97 to be joined;

a swash plate controller 1220, which calculates a
gquantity of currently used o0il Qg1 and a quantity of oil Quump
to be currently discharged from the first and second pumps 70a
and 70b based on a quantity of required o0il Qs+ input through
operation of a Jjoystick, adds/subtracts a quantity of oil,
which 1s joined when the operation oil of the first oil
pressure line 91 and the operation o©il of the second oil
pressure line 97 are Jjoined, to/from the quantity of oil to be
discharged Qpup, and calculates an angle of each swash plate of
the first and second pumps 70a and 70b so as to allow a
quantity of oil, which corresponds to a result value obtained
through the adding/subtracting, to be discharged; and

an electro proportional pressure reducing valve driving

unit 230 for controlling an angle of each swash plate of the
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first and second pumps 70a and 70b according to a result value

determined by the swash plate controller 1220.

2. The electric o0il pressure system as claimed in
claim 1, further comprising:

a regeneration circuit unit included in control valves
130 and 140 for controlling a channel of the operation oil
supplied to the first and second group actuators, the
regeneration c¢ircuit unit connecting o0il pressure lines of
each head side and each load side of the first and second
group actuators so as to supply a part of operation oil, which
is discharged from any one of each head side and each load
side of the first and second group actuators, to the other
side, when the working apparatus connected with the first and
second group actuators 1is driven by one selected from its
weight and inertia; and

an actuator-used o0il quantity calculation unit 110,
which calculates an measurement wvalue of o0il pressure of each
head side and each load side of the first and second group
actuators, a measurement pressure value of oil discharged from
each pump, and a measurement value of an opening ratio of each
control valve so as to obtain a quantity of regenerated oil
Qregens which 1s again supplied to the first and second group
actuators through the regeneration circuit unit,

wherein the swash plate controller 1220 calculates a
quantity of currently used o0il Qg1 and a quantity of o0il Quuyp
to be currently discharged from the first and second pumps 70a
and 70b by subtracting the quantity of regenerated 0il Qregen
from a quantity of required oil Qser input through operation of
the joystick, thereby calculating an angle of each swash plate

of the first and second pumps 70a and 70b.
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3. The electric o0il pressure system as claimed in
claim 2, further comprising:

a discharged o0il quantity calculation unit 210, which
calculates a detection value obtained by detecting an angle of
each swash plate of the first and second pumps 70a and 70b in
driving, a detection value obtained by detecting the number of
rotations of the first and second pumps 70a and 70b, and a
detection value obtained by detecting discharge pressure of
operation oil discharged by the first and second pumps 70a and
70b, thereby obtaining a quantity of o0il Qgpumyp discharged by
the pumps,

wherein the swash plate controller 1220 calculates an
angle of each swash plate of the first and second pumps 70a
and 70b, the angle of the swash plate allowing a quantity of
remaining oil, which is obtained by excepting the quantity of
regenerated 01l Qregen and the quantity of discharged oil Qspump
from the quantity of required o0il Qst, to be further

discharged from the first and second pumps 70a and 70b.

4. The electric oil pressure system as claimed in claim
1, wherein each opening ratio of the first and second control
valve 130 and 140 is obtained by calculating spool positions
of the first and second control valves 130 and 140, which have
been measured by first and second spool position detection
parts 131 and 141, and the number of rotations of the first
and second pumps 70a and 70b is obtained by calculating a
rotation speed of an engine, which has been detected by an

engine speed detection unit 121.

5. The electric o0il pressure system as claimed in claim
1, wherein the first pump 70a supplies operation oil to the
first group actuator including a right travel motor 1in a

normal state, and the second pump 70b supplies operation oil
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to the second group actuator including a left travel motor in
a normal state,

wherein, when a complex operation including a traveling
operation and a typical work is performed, through switching
of the direction control valve, the first pump 70a supplies
operation oil to the first group actuator and the second group
actuator, except for the left travel motor, and the second
pump 70b supplies operation oil only to the right travel motor
and the left travel motor, and

wherein the swash plate control unit 1220 controls an
angle of each swash plate of the first and second pumps 70a
and 70b by reflecting switching between actuators relating to
the first pump 70a and actuators relating to the second pump

70b.

6. The electric oil pressure system as claimed 1in
claim 1, wherein a quantity of o0il Qest to be supplemented from

the first pump 70a is obtained by an equation,

2Ap —Py)
Qrest = chptitmveliL _1/—)———2—_ r

Wherein Qpest refers to a quantity of o©0il to be
supplemented from pump 1 through a boom operation, an arm
operation, a bucket operation, and a swing operation,

Ppt travel . refers to an open area of a center bypass
channel in a right travel spool,

Pl refers to pressure of the first pump 1,

P, refers to pressure of the second pump 2,

Cq refers to coefficient of a quantity of oil, and

p refers to fluid density.
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7. The electric oil pressure system as claimed in
claim 1, wherein a quantity of ©il Qtraver 2 to be supplemented

from the second pump 70b is obtained by an equation,

2(py — 1)
5 thvel_Z = cf]Adrive % 4

Wherein Qtravel1 2 refers to a quantity of oil to be
supplemented from the second pump through a travel operation,
Agrive refers to orifice area,
10 P;1 refers to pressure of the first pump,
P, refers to pressure of the second pump,

Cq refers to coefficient of a quantity of oil, and p

refers to fluid density.
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