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(54) DEVICE FOR CONTROLLING CONSTRUCTION EQUIPMENT

(67)  Provided is a device for controlling construction
equipment for controlling the spool of an MCV, which is
directionally controllable, to control working fluid which
is supplied to a hydraulic actuator. According to the
presentinvention, provided is a device for controlling con-
struction equipment, comprising: a remote control valve
for outputting a secondary signal pressure which is pro-
portionate to the amount calibrated by an operator; a cal-
ibrated amount detection means for detecting the sec-
ondary signal pressure of the remote control valve; an
electro proportional pressure reducing valve for output-
ting the secondary signal pressure; first and second shut-

[Fig. 3]
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tle valves, each of the shuttle valves having an input por-
tion on one side which connects to the secondary signal
pressure of the remote control valve, and an input portion
on the other side to which output-side ports of the electro
proportional pressure reducing valve connect respective-
ly; a directional control spool for controlling the actuation
of the hydraulic actuator when exchanging by means of
the signal pressure output from the first and second shut-
tle valves; and a controller for outputting a control signal
to the electro proportional pressure reducing valve so as
to correspond to the operation amount which is input by
the operation amount detection means.
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Description
[Field of the Invention]

[0001] The presentinvention relates to a control apparatus for a construction machine. More particularly, the present
invention relates to a control apparatus for a construction machine, which can control a spool of a main control valve
(MCV) including a hydraulic remote control valve and a directional control spool so as to control a hydraulic fluid supplied
to a hydraulic actuator.

[Background of the Invention]

[0002] In general, a technology is needed which controls a spool of the MCV, in which a controller can receive an
operator’s manipulation signal and achieve a preferred operation of a hydraulic actuator so as to improve manipulability
of a work apparatus (including a boom, etc.) of a construction machine such as an excavator, preferentially control the
work apparatus during the combined manipulation operation in which the work apparatus and the traveling apparatus
are manipulated simultaneously, or improve fuel efficiency.

[0003] As shown in FIG. 1, a hydraulic MCV control circuit according to the prior art includes:

an engine 1;

a main hydraulic pump 2 (hereinafter, referred to as " hydraulic pump") connected to the engine 1 and a pilot pump 3;
a hydraulic actuator 4 (e.g. "hydraulic motor") connected to the hydraulic pump 2;

a spool 5 of a main control valve (MCV) installed in a flow path provided between the hydraulic pump 2 and the
hydraulic actuator 4, and configured to be shifted to control a start, a stop, and a direction change of the hydraulic
actuator 4; and

a remote control valve (RCV) 6 configured to output a secondary signal pressure for application to the spool 5 in
proportion to an operator's manipulation amount.

[0004] When the operator manipulates the remote control valve 6 to operate the hydraulic actuator 4, a hydraulic fluid
is discharged from the pilot pump 3 in proportional to the operator’s manipulation amount and a secondary signal pressure
passing through the remote control valve 6 is supplied to the spool 5. As a result, the spool 5 is displaced in proportional
to the secondary signal pressure to cause the hydraulic fluid from the hydraulic pump 2 to pass through the spool 5 and
to be supplied to the hydraulic actuator 4.

[0005] In this case, the control of the spool 4 depends on the manipulation amount of the remote control valve 6. Thus,
there is a need for an apparatus that can restrict the abrupt opening of the spool 5 to smoothly accelerate the hydraulic
actuator 4 even when the operator abruptly manipulates the remote control valve 6. That is, in the case where an orifice
is installed in a pilot signal line provided between an output side of the remote control valve 6 and the spool 5, there
occurs a disadvantage in that the function of the orifice may be performed limitedly by the temperature of the hydraulic
fluid, and the like.

[0006] As shown in FIG. 2, an electro-hydraulic MCV control circuit according to the prior art includes:

an engine 1;

a main hydraulic pump 2 connected to the engine 1 and a pilot pump 3;

a hydraulic actuator 4 connected to the hydraulic pump 2;

a spool 5 of a main control valve (MCV) installed in a flow path provided between the hydraulic pump 2 and the
hydraulic actuator 4, and configured to be shifted to control a start, a stop, and a direction change of the hydraulic
actuator 4; an

electro proportional pressure reducing valves 7 and 8 configured to output a secondary signal pressure that is in
proportion to an electric control signal from the outside;

a manipulation lever 9 configured to output a manipulation signal in proportional to an operator’s manipulation
amount; and

acontroller 10 configured to calculate an electric control signal that corresponds to the manipulation amount outputted
from the manipulation lever 9, and output the electrical control signal for application to the electro proportional
pressure reducing valves 7 and 8.

[0007] When the operator manipulates the manipulation lever 9 to operate the hydraulic actuator 4, a manipulation
signal that is proportional to the operator’'s manipulation amount is inputted to the controller 10. Then, the controller 10
calculates an output value that corresponds to the manipulation amount and outputs a control signal for application to
the electro proportional pressure reducing valves 7 and 8 to control the spool 5. That is, the controller 10 can control
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the spool 5 through the electro proportional pressure reducing valves 7 and 8 based on the manipulation amount of the
manipulation lever 9 to control a hydraulic fluid supplied to the hydraulic actuator 4 in the optimum condition so that the
operator’'s manipulation of the manipulation lever 9 can be calibrated.

[0008] Inthis case, a high-priced electronic joystick is used as the manipulation lever 9, which contributes to anincrease
in the manufacturing cost of the parts. In addition, there occurs a problem in that a pair of electro proportional pressure
reducing valves 7 and 8 is used to control the directional control spool 5 of the MCV, and thus the number of parts is
increased, leading to an increase in the manufacturing cost of the parts.

[Detailed Description of the Invention]
[Technical Problems]

[0009] Accordingly, the present invention was made to solve the aforementioned problem occurring in the prior art,
and it is an object of the present invention to provide a control apparatus for a construction machine that is configured
to be capable of controlling a directionally operable spool of the MCV to allow a hydraulic fluid to smoothly accelerate
the hydraulic actuator even when an operator abruptly manipulates a remote control valve (RCV), and blocking an
erroneous operation of the MCV upon the occurrence of an unexpected failure of a valve-driving electric circuit.

[Technical Solution]

[0010] Toaccomplishthe above object, in accordance with a firstembodiment of the presentinvention, there is provided
a

A control apparatus for a construction machine including an engine, a hydraulic pump connected to the engine, and a
hydraulic actuator configured to receive a supply of hydraulic fluid from the hydraulic pump and configured to be capable
of being directionally operated to drive a work apparatus, the control apparatus including:

a remote control valve configured to output a secondary signal pressure in proportion to an operator’s manipulation
amount;

a manipulation amount detection means configured to detect the secondary signal pressure outputted from the
output sides of the remote control valve;

an electro proportional pressure reducing valve configured to output a secondary signal pressure in proportion to
an electric control signal from the outside;

firstand second shuttle valves each having one input portion connected to a secondary signal pressure of the remote
control valve and the other input portion connected to an output port of the electro proportional pressure reducing
valve, the first and second shuttle valves being configured to output the higher signal pressure of signal pressures
passing through the remote control valve and the electro proportional pressure reducing valve;

a directional control spool installed in a flow path provided between the hydraulic pump and the hydraulic actuator
and configured to be shifted in response to the signal pressure output from the first and second shuttle valves to
control a start, a stop, and a direction change of the hydraulic actuator; and

a controller configured to calculate a control signal that corresponds to the manipulation amount inputted thereto
from the manipulation amount detection means, and output the control signal for application to the electro proportional
pressure reducing valve.

[0011] In accordance with a more preferred embodiment, the manipulation amount detection means may include:

a third shuttle valve having an input portion connected to a secondary signal pressure of the remote control valve,
and configured to output the higher signal pressure of the directional signal pressures passing through the remote
control valve; and

a pressure sensor connected to the output side of the third shuttle valve to apply a detection signal to the controller.

[0012] In addition, the manipulation amount detection means may include:

a fourth shuttle valve having an input portion connected to a secondary signal pressure of the remote control valve
and an output portion connected to an input port of the electro proportional pressure reducing valve, the fourth
shuttle valve being configured to output the higher signal pressure of the directional signal pressures passing through
the remote control valve; and

a pressure sensor connected to the output side of the fourth shuttle valve to apply a detection signal to the controller.
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[Advantageous Effect]

[0013] The control apparatus for a construction machine according to embodiments of the present invention as con-
structed above has the following advantages.

[0014] A directionally operable spool of the MCV can be controlled while reducing the manufacturing cost of parts,
and an erroneous operation of the MCV can be blocked upon the occurrence of an unexpected failure of a valve-driving
electric circuit, thereby providing reliability.

[Brief Description of the Invention]

[0015] The above objects, other features and advantages of the present invention will become more apparent by
describing the preferred embodiments thereof with reference to the accompanying drawings, in which:

Fig. 1 is a hydraulic MCV control circuit diagram in accordance with the prior art;

Fig. 2 is an electro-hydraulic MCV control circuit diagram according to the prior art;

Fig. 3 is an electro-hydraulic MCV control circuit diagram of a control apparatus for a construction machine according
to a first embodiment of the present invention;

Fig. 4 is a graph illustrating the control of an electro proportional pressure reducing valve by a controller in a control
apparatus for a construction machine according to a first embodiment of the present invention; and

Fig. 5is an electro-hydraulic MCV control circuit diagram of a control apparatus for a construction machine according
to a second embodiment of the present invention.

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

11: engine

12: hydraulic pump

13: pilot pump

14: hydraulic actuator

15: spool

16: remote control valve (RCV)
17: electro proportional pressure reducing valve (PPRV)
18: first shuttle valve

19: second shuttle valve

20: controller

21: third shuttle valve

22: pressure sensor

23: fourth shuttle valve

[Preferred Embodiments of the Invention]

[0016] Hereinafter, preferred embodiments of the present invention will be described in detail with reference to the
accompanying drawings. The matters defined in the description, such as the detailed construction and elements, are
nothing but specific details provided to assist those of ordinary skill in the art in a comprehensive understanding of the
invention, and thus the present invention is not limited to the embodiments disclosed hereinafter.

[0017] As shown in Figs. 3 and 4, a control apparatus for a construction machine according to a first embodiment of
the present invention includes an engine 11, a hydraulic pump 12 connected to the engine 11 and a pilot pump 13, and
a hydraulic actuator (e.g. hydraulic motor) 14 configured to receive a supply of hydraulic fluid from the hydraulic pump
12 and configured to be capable of being directionally operated to drive a work apparatus (e.g. boom).

[0018] The control apparatus includes:

a remote control valve (RCV) 16 configured to output a secondary signal pressure in proportion to an operator’s
manipulation amount;

a manipulation amount detection means configured to detect the secondary signal pressure outputted from the
output sides of the remote control valve 16;

an electro proportional pressure reducing valve 17 configured to output a secondary signal pressure in proportion
to an electric control signal from the outside;
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first and second shuttle valves 18 and 19 each having one input portion connected to a secondary signal pressure
of the remote control valve 16 and the other input portion connected to an output port of the electro proportional
pressure reducing valve 17, the first and second shuttle valves being configured to output the higher signal pressure
of signal pressures passing through the remote control valve 16 and the electro proportional pressure reducing
valve 17;

a directional control spool 15 installed in a flow path provided between the hydraulic pump 12 and the hydraulic
actuator 14 and configured to be shifted in response to the signal pressure output from the first and second shuttle
valves 18 and 19 to control a start, a stop, and a direction change of the hydraulic actuator 14; and

a controller 20 configured to calculate a control signal that corresponds to the manipulation amount inputted thereto
from the manipulation amount detection means, and configured to output the control signal for application to the
electro proportional pressure reducing valve 17.

[0019] Herein, the manipulation amount detection means may include a third shuttle valve 21 having an input portion
connected to the output side of the remote control valve 16, and configured to output the higher signal pressure of the
directional signal pressures passing through the remote control valve 16, and a pressure sensor 22 connected to a
secondary signal pressure of the third shuttle valve 21 to apply a detection signal to the controller 20.

[0020] Hereinafter, the operation of the control apparatus for a construction machine according to a first embodiment
of the present invention will be described.

[0021] As shown in Figs. 3 and 4, when an operator manipulates a left-side remote control valve 16 to operate the
hydraulic actuator 14, a part of the hydraulic fluid from the pilot pump 13 is supplied to the first shuttle valve 18 via the
left remote control valve, and a part of the hydraulic fluid from the pilot pump 3 is supplied to an inlet port of the electro
proportional pressure reducing valve 17

[0022] Meanwhile, a secondary signal pressure having passed through the corresponding remote control valve is
detected by the pressure sensor 22 installed in the output side of the third shuttle valve 21 and the detected signal
pressure P is applied to the controller 20.

[0023] Even in the case where the operator manipulates the remote control valve 16 like a line "A" shown in a graph
of Fig. 4 (i.e., in the case where the remote control valve 16 is abruptly manipulated to cause the hydraulic actuator 14
to be suddenly accelerated), when a work apparatus acceleration control characteristic like a line "B" is required in an
actual construction machine (i.e., when the acceleration ratio of the hydraulic actuator 14 is equal to or smaller than a
predetermined value), a secondary pressure of a line "C" is outputted to the electro proportional pressure reducing valve
17 so that the control characteristic of the line "B" can act as a drive force for the directional control spool 15.

[0024] In this case, the left and right ports of the spool 15 are connected to the output sides of the first and second
shuttle valves 18 and 19, and the input portions of the first and second shuttle valves 18 and 19 are connected to the
output side of the electro proportional pressure reducing valve 17 and the output sides of the remote control valve 16.
As aresult, in the case where a secondary signal pressure generated according to manipulation of the remote control
valve 16 is supplied to the left port of the spool 15 via the first shuttle valve 18 (i.e., the case where the secondary signal
pressure has a gradient value like the line "A"), a secondary signal pressure of the electro proportional pressure reducing
valve 17 is supplied to the right port of the spool via the second shuttle valve 19 (i.e., the case where the secondary
signal pressure has a gradient value like the line "C") in response to a control signal outputted to the electro proportional
pressure reducing valve 17 from the controller 20.

[0025] In this case, the value of the secondary signal pressure supplied to one port of the spool 15 via the first shuttle
valve 18 according to manipulation of the remote control valve 16 is relatively larger than that of the secondary signal
pressure generated from the electro proportional pressure reducing valve 17 and supplied to the other port of the spool
via the second shuttle valve 19.

[0026] Thus, the second signal pressure of the line "C" fluidically communicates with the spool 15 only in a direction
where the remote control valve 16 is not manipulated and is connected to a corresponding port of the spool 15.
[0027] As such, when the operator manipulates the remote control valve 16, the signal pressure supplied to the spool
15 acts in an opposite direction to that of the secondary signal pressure generated from the output side of the remote
control valve 16 according to the manipulation of the remote control valve 16, and thus the aperture ratio of the spool
15 can be limited to be equal to or smaller than a predetermined level.

[0028] As described above, according to the control apparatus for a construction machine of the first embodiment of
the present invention, one manipulation amount detection means and one electro proportional pressure reducing valve
are used to control the directionally operable spool, thereby reducing the manufacturing cost.

[0029] In the control apparatus for a construction machine according to a second embodiment of the present invention
as shown in Fig. 5, the manipulation amount detection means for detecting the manipulation amount of the remote control
valve 16 includes a fourth shuttle valve 23 having an input portion connected to a secondary signal pressure of the
remote control valve 16 and an output portion connected to an input port of the electro proportional pressure reducing
valve 17, the fourth shuttle valve being configured to output the higher signal pressure of the directional signal pressures
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passing through the remote control valve 16 and a pressure sensor 22 connected to the output side of the fourth shuttle
valve 23 to apply a detection signal to the controller 20.

[0030] In the second embodiment, the constitution of the control apparatus including the hydraulic pump 12, the
hydraulic actuator 14, the spool 15, the remote control valve 16, the electro proportional pressure reducing valve 17,
and the controller 20 is substantially the same as that of the control apparatus in the first embodiment of the present
invention, and thus the detailed description of the constitution and operation thereof will be omitted to avoid redundancy
and same reference numerals are used to designate the similar or same parts.

[0031] In the case where the operator manipulates the remote control valve 16, a hydraulic fluid discharged from the
pilot pump 13 passes through the remote control valve 16 and is converted into a secondary signal pressure. Thus, a
signal pressure P1 having passing through the output portion of the fourth shuttle valve 23 is supplied to the input port
of the electro proportional pressure reducing valve 17. For this reason, reliability for failure of the valve-driving electric
circuit is relatively increased.

[0032] As described above, according to the control apparatus for a construction machine of the first and second
embodiments of the present invention, even in the case where an undesired output is generated from a valve due to the
occurrence of an unexpected failure in a valve control circuit including the valve and an electric circuit, the same signal
pressure is applied across the spool of the MCV to cause the spool to be maintained in a neutral position. Thus, the
erroneous operation of the work apparatus is blocked, thereby securing safety.

[Industrial Applicability]

[0033] According to the presentinvention as constructed above, it is possible to control the directionally operable spool
of the MCV to smoothly accelerate the hydraulic actuator even when the operator abruptly manipulates the remote
control valve. In addition, an erroneous operation of the MCV can be blocked upon the occurrence of an unexpected
failure of a valve-driving electric circuit.

Claims

1. A control apparatus for a construction machine including an engine, a hydraulic pump connected to the engine, and
a hydraulic actuator configured to receive a supply of hydraulic fluid from the hydraulic pump and configured to be
capable of being directionally operated to drive a work apparatus, the control apparatus comprising:

a remote control valve configured to output a secondary signal pressure in proportion to an operator’s manip-
ulation amount;

a manipulation amount detection means configured to detect the secondary signal pressure outputted from the
output sides of the remote control valve;

an electro proportional pressure reducing valve configured to output a secondary signal pressure in proportion
to an electric control signal from the outside;

first and second shuttle valves each having one input portion connected to a secondary signal pressure of the
remote control valve and the other input portion connected to an output port of the electro proportional pressure
reducing valve, the first and second shuttle valves being configured to output the higher signal pressure of signal
pressures passing through the remote control valve and the electro proportional pressure reducing valve;
adirectional control spoolinstalled in a flow path provided between the hydraulic pump and the hydraulic actuator
and configured to be shifted in response to the signal pressure output from the first and second shuttle valves
to control a start, a stop, and a direction change of the hydraulic actuator; and

a controller configured to calculate a control signal that corresponds to the manipulation amount inputted thereto
from the manipulation amount detection means, and configured to output the control signal for application to
the electro proportional pressure reducing valve.

2. The control apparatus for a construction machine according to claim 1, wherein the manipulation amount detection
means comprises:

a third shuttle valve having an input portion connected to a secondary signal pressure of the remote control
valve, and configured to output the higher signal pressure of the directional signal pressures passing through
the remote control valve; and

apressure sensor connected to the output side of the third shuttle valve to apply a detection signal to the controller.

3. The control apparatus for a construction machine according to claim 1, wherein the manipulation amount detection
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means comprises:

a fourth shuttle valve having an input portion connected to a secondary signal pressure of the remote control
valve and an output portion connected to an input port of the electro proportional pressure reducing valve, the
fourth shuttle valve being configured to output the higher signal pressure of the directional signal pressures
passing through the remote control valve; and

a pressure sensor connected to the output side of the fourth shuttle valve to apply a detection signal to the
controller.
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