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(57) Disclosed is a hydraulic control system for lection switch when manipulating a boom operation lever

matching the drive speed of a boom up and a swing de-
vice according to the operation environment when com-
pound-driving for manipulating boom and swing for ex-
cavation compensating error operation. The hydraulic
control system of the present invention comprises: an
operation mode selection switch for enabling the selec-
tion of an operation mode according to the operation en-
vironment; an electronic proportional pressure control
valve for outputting a control signal pressure that is pro-
portional to the manipulation of the operation mode se-

[Fig.2]
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for driving the boom up; a variable flow control valve that
is placed on a flow channel between a first hydraulic
pump and a spool for the swing device, and has an open
area thereof that is variably matched proportional to the
control signal pressure from the electronic proportional
pressure control valve; and a controller having various
types of operation modes previously set and stored ther-
eon so as to control the flow being supplied to the spool
for the swing device and a spool for the boom merge,
according to the operation mode selected when manip-
ulating the operation mode selection switch.
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Description
[Field of the Invention]

[0001] The presentinventionrelates to a hydraulic con-
trol system for a combined boom and swing operation of
a construction machine such as an excavator. More par-
ticularly, the present invention relates to a hydraulic sys-
tem for a construction machine, in which the driving
speeds of the boom and the swing device are adjusted
according to working conditions during a combined op-
eration in which boom-up and swing manipulations are
carried out to perform an excavating and loading work,
thereby ensuring a smooth work .

[Background of the Invention]

[0002] A conventional hydraulic control system for a
combined boom and swing operation of a construction
machine in accordance with the prior art as shown in Fig.
1 includes:

first and second variable displacement hydraulic
pumps (hereinafter, referred to as " first and second
hydraulic pumps") 1 and 2 connected to an engine
(not shown);

an actuator (referring to "arm cylinder") for a swing
device and a work apparatus, which is connected to
the first hydraulic pump 1;

an actuator for a work apparatus (referring to "boom
cylinder") connected to the second hydraulic pump
2; and a flow rate control valve (MCV) 3 configured
to control a flow rate of a hydraulic fluid supplied
respectively to the actuators for the swing device and
the work apparatus from the first and second hydrau-
lic pumps 1 and 2.

[0003] InFig. 1, anon-explained reference numeral 11
denotes a boom confluence spool that allows the hydrau-
lic fluid discharged from the first hydraulic pump 1 to join
the hydraulic fluid discharged from the second hydraulic
pump 2 when a boom-up operation is performed.
[0004] Thus, an operator manipulates a boom manip-
ulation lever 4 to shift a boom spool 5 and a boom con-
fluence spool 11 so that the hydraulic fluid supplied to
the boom cylinder via the boom spool 5 from the second
hydraulic pump 2 and the hydraulic fluid supplied to the
boom cylinder from the first hydraulic pump 1 via the
boom confluence spool 11 join each other to cause the
boom cylinder to be driven to perform a boom-up oper-
ation.

[0005] On the other hand, an operator manipulates a
manipulation lever (not shown) for the swing device to
shift a swing spool 6 so that the hydraulic fluid supplied
to the arm cylinder from the first hydraulic pump 1 via the
swing spool 6 causes the swing device to be driven to
swivel the upper swing structure.

[0006] During acombined operation in which the boom
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and the swing device are operated to perform an exca-
vating and loading work, the hydraulic fluid discharged
from the first hydraulic pump 1 is supplied to the boom
cylinder via the boom spool 5 to drive the boom cylinder
and the hydraulic fluid discharged from the first hydraulic
pump 1 is distributingly supplied to the boom cylinder
and the swing device, respectively, due to a difference
in the pressure between the front ends of the boom con-
fluence spool 11 and the swing spool 6.

[0007] Meanwhile, in the case where the excavating
and loading work is performed, there is required an ad-
justment of the driving speeds of the boom and the swing
device depending on various kinds of working conditions
such as the excavation depth or the height of a dump
vehicle. That is, the distributed flow rate of the hydraulic
fluid supplied to the boom confluence spool 11 and the
swing spool 6 from the first hydraulic pump 1 needs to
be controlled.

[0008] In the conventional hydraulic control system,
since the flow rate of the hydraulic fluid distributingly sup-
plied to the supplied to the boom confluence spool 11
and the swing spool 6 from the first hydraulic pump 1 is
fixed to a constant level, the driving speeds of the boom
and the swing device are inevitably adjusted to conform
to only one kind of working condition. Thus, such a con-
ventional hydraulic control system entails a problem in
that an operator must perform a combined operation of
the manipulation levers for the boom and the swing de-
vice based on the operator’s manipulation experience in
order to attain the smooth matching of the work apparatus
(i.e., attachment of the upper swing structure), thereby
resulting in a deterioration of manipulability and worka-
bility.

[Detailed Description of the Invention]
[Technical Problems]

[0009] Accordingly, the presentinvention was made to
solve the aforementioned problem occurring in the prior
art, and it is an object of the present invention to provide
a hydraulic control system for a combined boom and
swing operation of a construction machine, in which an
operator can easily adjust the driving speeds of the boom
and the swing device depending on various kinds of work-
ing conditions such as the excavation depth or the height
of a dump vehicle during a combined operation in which
the boom and the swing device are manipulated to
smoothly perform an excavating and loading work.

[0010] Another object of the present invention to pro-
vide a hydraulic control system for a combined boom and
swing operation of a construction machine, in which in
the case where an operator selects a certain work mode
needed for the working conditions within an operator cab
during the excavating and loading work, the flow rate of
the hydraulic fluid distributed to a boom confluence spool
and a swing spool is controlled depending on the selected
work mode so that the driving speeds of the boom and
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the swing device can be adjusted under the working con-
ditions needed by the operator.

[Technical Solution]

[0011] To accomplish the above object, in accordance
with an embodiment of the present invention, there is
provided a hydraulic control system fora combined boom
and swing operation of a construction machine, which
includes firstand second variable displacement hydraulic
pumps, an actuator for a swing device and a work ap-
paratus, which is connected to the first hydraulic pump,
an actuator forawork apparatus connected to the second
hydraulic pump, and a flow rate control valve configured
to control a low rate of a hydraulic fluid supplied respec-
tively to the actuators for the swing device and the work
apparatus from the first and second hydraulic pumps, the
hydraulic control system including:

a work mode selection switch configured to select a
preset work mode according to working conditions;
an electronic proportional pressure control valve
mounted in a pilot fluid path that discharges a pilot
signal pressure according to a manipulation amount
of a boom manipulation lever when the boom ma-
nipulation lever is manipulated to perform a boom-
up operation, the electronic proportional pressure
control valve being configured to output a control sig-
nal pressure that is in proportion to the manipulation
of the work mode selection switch;

a variable flow rate control valve mounted in a flow
path between the first hydraulic pump and a spool
for the swing device, the variable flow rate control
valve having an opening area variably adjusted in
proportion to the control signal pressure of the elec-
tronic proportional pressure control valve; and

a controller configured to previously set and store
various kinds of work modes according to working
conditions to control a flow rate of the hydraulic fluid
supplied to the swing device spool and a boom con-
fluence spool according to a work mode selected
when the work mode selection switch is manipulat-
ed,

wherein in the case where an operator selects a cer-
tain work mode according to the working conditions
during a combined operation in which boom-up and
swing manipulations are carried out, the flow rate of
the hydraulic fluid supplied to the swing device spool
and the boom confluence spool is variably controlled
according to the selected work mode to adjust the
driving speeds of the boom and the swing device.

[0012] According to a more preferable embodiment,
the electronic proportional pressure control valve is
mounted inside the flow rate control valve.

[0013] The electronic proportional pressure control
valve is mounted outside the flow rate control valve.
[0014] The variable flow rate control valve uses a var-
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iable orifice whose opening area is variably adjusted in
proportion to the control signal pressure from the elec-
tronic proportional pressure control valve.

[Advantageous Effect]

[0015] The hydraulic control system for a combined
boom and swing operation of a construction machine in
accordance with an embodiment of the presentinvention
as constructed above has the following advantages.
[0016] Anoperator can easily adjust the driving speeds
of the boom and the swing device depending on various
kinds of working conditions such as the excavation depth
or the height of a dump vehicle during a combined oper-
ation in which the boom and the swing device are ma-
nipulated to perform an excavating and loading work,
thereby improving workability.

[0017] Inthe case where an operator selects a certain
work mode needed for the working conditions within an
operator cab during the excavating and loading work, the
driving speeds of the boom and the swing device can be
adjusted under the working conditions needed by the op-
erator, thereby improving convenience of the operator.

[Brief Description of the Invention]

[0018] The above objects, other features and advan-
tages ofthe presentinvention will become more apparent
by describing the preferred embodiments thereof with
reference to the accompanying drawings, in which:

Fig. 1 is a block diagram showing the main elements
of a hydraulic control system for a combined boom
and swing operation of a construction machine in
accordance with the prior art;

Fig. 2 is a block diagram showing the main elements
of a hydraulic control system for a combined boom
and swing operation of a construction machine in
accordance with an embodiment of the present in-
vention; and

Fig. 3 is a graph showing the effects of a hydraulic
control system for a combined boom and swing op-
eration of a construction machine in accordance with
an embodiment of the present invention.

* Explanation on reference numerals of main elements
in the drawings *

[0019]

: first variable displacement hydraulic pump

: second variable displacement hydraulic pump
: flow rate control valve (MCV)

: boom manipulation lever:

: boom spool

: spool for the swing device (i.e., swing spool)

: pilot flow path

: work mode selection switch

O ~NO O WN =
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9: electronic proportional pressure control valve (EP-
PRV)

10: variable flow rate control valve

11: boom confluence spool

[Preferred Embodiments of the Invention]

[0020] Now, preferred embodiments of the present in-
vention will be described in detail with reference to the
accompanying drawings. The matters defined in the de-
scription, such as the detailed construction and elements,
are nothing but specific details provided to assist those
of ordinary skillin the artin a comprehensive understand-
ing of the invention, and the present invention is not lim-
ited to the embodiments disclosed hereinafter.

[0021] Ahydraulic control system fora combined boom
and swing operation of a construction machine in accord-
ance with an embodiment of the present invention as
shown in Fig. 2 includes first and second variable dis-
placement hydraulic pumps, an actuator for a swing de-
vice and a work apparatus, which is connected to the first
hydraulic pump, an actuator for a work apparatus con-
nected to the second hydraulic pump, and a flow rate
control valve configured to control a flow rate of a hy-
draulic fluid supplied respectively to the actuators for the
swing device and the work apparatus from the first and
second hydraulic pumps.

[0022] The hydraulic control system includes:

a work mode selection switch 8 configured to select
apreset work mode according to working conditions;
an electronic proportional pressure control valve 9
mounted in a pilot fluid path 7 that discharges a pilot
signal pressure according to a manipulation amount
of a boom manipulation lever 4 when the boom ma-
nipulation lever 4 is manipulated to perform a boom-
up operation, the electronic proportional pressure
control valve 9 being configured to output a control
signal pressure that is in proportion to a the manip-
ulation of the work mode selection switch 8;

a variable flow rate control valve 10 mounted in a
flow path between the first hydraulic pump 1 and a
spool 6 for the swing device, the variable flow rate
control valve having an opening area variably ad-
justed in proportion to the control signal pressure of
the electronic proportional pressure control valve 9;
and

a controller (not shown) configured to previously set
and store various kinds of work modes according to
working conditions to control a flow rate of the hy-
draulic fluid supplied to the swing device spool 6 and
a boom confluence spool 11 according to a work
mode selected when the work mode selection switch
8 is manipulated,

wherein in the case where an operator selects a cer-
tain work mode according to the working conditions
during a combined operation in which boom-up and
swing manipulations are carried out to perform an
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excavating and loading work, the flow rate of the hy-
draulic fluid supplied to the swing device spool 6 and
the boom confluence spool 11 is variably controlled
according to the selected work mode to adjust the
driving speeds of the boom and the swing device.

[0023] Herein, the electronic proportional pressure
control valve 9 is mounted inside the flow rate control
valve (MCV) 3. The electronic proportional pressure con-
trol valve 9 may be constructed as an electro proportional
pressure reducing valve (EPPRYV), and may be mounted
inside the flow rate control valve (MCV) 3.

[0024] The electronic proportional pressure control
valve 9 is mounted outside the flow rate control valve.
[0025] The variable flow rate control valve 10 may use
avariable orifice whose opening area is variably adjusted
in proportion to the control signal pressure from the elec-
tronic proportional pressure control valve 9.

[0026] InFig. 2, anon-explained reference numeral 11
denotes a boom confluence spool that allows the hydrau-
lic fluid of the first hydraulic pump 1 to join the hydraulic
fluid of the second hydraulic pump 2 when a boom-up
operation is performed.

[0027] Hereinafter, a use example of the hydraulic con-
trol system for a combined boom and swing operation of
a construction machine in accordance with the present
invention will be described in detail with reference to the
companying drawings.

[0028] As shown in Figs. 2 and 3, in the case where
an operator within an operator cab manipulates the boom
manipulation lever 4 to conduct a boom-up operation
and drives the swing device to swivel an upper swing
structure in order to perform an excavating and loading
work, the operator manipulates the work mode selection
switch 8 to select a certain work mode suitable for various
kinds of working conditions such as the height of the
ground surface of an excavation work site or the height
of a dump vehicle.

[0029] A part of a pilot signal pressure passing by the
boom manipulation lever 4 is supplied to a boom spool
5 to shift the boom spool according to the boom-up ma-
nipulation of the boom manipulation lever 4. Thus, the
hydraulic fluid discharged from the second hydraulic
pump 2 is supplied to a boom cylinder (not shown) after
passing through the boom spool 5 to perform the boom-
up operation.

[0030] Onthe other hand, a part of the pilot signal pres-
sure passing by the boom manipulation lever 4 is supplied
to the electronic proportional pressure control valve 9
mounted in the pilot flow path 7. At this time, the electronic
proportional pressure control valve 9 outputs a pilot sig-
nal pressure in proportion to a select signal correspond-
ing to a work mode selected according to the manipula-
tion of the work mode selection switch 8.

[0031] By virtue of this operation, the signal pressure
passing through the electronic proportional pressure
control valve 9 is supplied to the variable flow rate control
valve 10 so that the opening area of the variable flow rate
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control valve 10 is controlled. That is, the opening diam-
eter of the variable flow rate control valve 10 is controlled
in proportion to the control signal pressure outputted
from the electronic proportional pressure control valve 9
depending on the selected work mode.

[0032] Therefore, the flow rate of the hydraulic fluid
discharged from the first hydraulic pump 1 and supplied
to the spool 6 for the swing device is reduced to match
the selected work mode, and the flow rate of the hydraulic
fluid supplied to the boom confluence spool 11 is in-
creased. In other words, since the flow rate of the hy-
draulic fluid supplied to the boom confluence spool 11
from the first hydraulic pump 1 is increased, the boom-
up operation is performed at a relatively high speed as
compared to the swing operation of the upper swing
structure so that the loading work can be carried out safe-
ly.

[0033] For this reason, in the case where the manipu-
lation lever of the boom-up device and the swing device
is manipulated at a full stroke to perform a combined
operation, the matching between the boom-up operation
and the swing operation is accomplished so that the op-
erator can conveniently perform the excavating and load-
ing work in a desired direction.

[0034] As shown in Fig. 3, it can be seen that the hy-
draulic fluid discharged from the first hydraulic pump 1
is supplied to the boom cylinder in proportion to a pilot
signal pressure Pi1 outputted from the electronic propor-
tional pressure control valve 9 to fitthe work mode (mean-
ing a line"a"on the graph of Fig. 3) selected by the ma-
nipulation of the work mode selection switch 8.

[0035] Whilethe presentinvention has been described
in connection with the specific embodiments illustrated
in the drawings, they are merely illustrative, and the in-
vention is not limited to these embodiments. It is to be
understood that various equivalent modifications and
variations of the embodiments can be made by a person
having an ordinary skill in the art without departing from
the spirit and scope of the present invention. Therefore,
the true technical scope of the present invention should
not be defined by the above-mentioned embodiments
but should be defined by the appended claims and equiv-
alents thereof.

[Industrial Applicability]

[0036] As described above, in the hydraulic control
system for a combined boom and swing operation of a
construction machine in accordance with an embodiment
ofthe presentinvention, itis possible to adjust the driving
speeds of the boom and the swing device depending on
various kinds of working conditions such as the excava-
tion depth or the height of a dump vehicle during a com-
bined operation in which boom-up and swing manipula-
tions are carried out to perform an excavating and loading
work. In addition, in the case where an operator selects
a certain work mode needed for the working conditions
within an operator cab during the excavating and loading
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work, the driving speeds of the boom and the swing de-
vice are adjusted under the working conditions needed
by the operator, thereby improving convenience and ma-
nipulability.

Claims

1. Ahydraulic control system for a combined boom and
swing operation of a construction machine, which
includes first and second variable displacement hy-
draulic pumps, an actuator for a swing device and a
work apparatus, which is connected to the first hy-
draulic pump, an actuator for a work apparatus con-
nected to the second hydraulic pump, and a flow rate
control valve configured to control a flow rate of a
hydraulic fluid supplied respectively to the actuators
for the swing device and the work apparatus from
the first and second hydraulic pumps, the hydraulic
control system comprising:

a work mode selection switch configured to se-
lect a preset work mode according to working
conditions;

an electronic proportional pressure control valve
mounted in a pilot fluid path that discharges a
pilot signal pressure according to a manipulation
amount of a boom manipulation lever when the
boom manipulation lever is manipulated to per-
form a boom-up operation, the electronic pro-
portional pressure control valve being config-
ured to output a control signal pressure that is
in proportion to the manipulation of the work
mode selection switch;

a variable flow rate control valve mounted in a
flow path between the first hydraulic pump and
a spool for the swing device, the variable flow
rate control valve having an opening area vari-
ably adjusted in proportion to the control signal
pressure of the electronic proportional pressure
control valve; and

a controller configured to previously set and
store various kinds of work modes according to
working conditions to control a flow rate of the
hydraulic fluid supplied to the swing device spool
and a boom confluence spool according to a
work mode selected when the work mode se-
lection switch is manipulated,

wherein in the case where an operator selects
a certain work mode according to the working
conditions during a combined operation in which
boom-up and swing manipulations are carried
out, the flow rate of the hydraulic fluid supplied
to the swing device spool and the boom conflu-
ence spool is variably controlled according to
the selected work mode to adjust the driving
speeds of the boom and the swing device.
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The hydraulic control system according to claim 1,
wherein the electronic proportional pressure control
valve is mounted inside the flow rate control valve.

The hydraulic control system according to claim 1,
wherein the electronic proportional pressure control
valve is mounted outside the flow rate control valve.

The hydraulic control system according to claim 1,
wherein the variable flow rate control valve uses a
variable orifice whose opening area is variably ad-
justed in proportion to the control signal pressure
from the electronic proportional pressure control
valve.
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