EP 2 792 888 A1

(1 9) Europdisches
Patentamt
0’ European
Patent Office
Office européen
des brevets
(12)

(11) EP 2 792 888 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
22.10.2014 Bulletin 2014/43
(21) Application number: 12858263.2

(22) Date of filing: 14.12.2012

(51)

(86)

(87)

Int CL.:

F15B 11/00 (2006.07) EO02F 9/22 (2006.01)
F02D 29/04 (2006.0%)

International application number:
PCT/JP2012/082494

International publication number:

WO 2013/089230 (20.06.2013 Gazette 2013/25)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FRGB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 16.12.2011 JP 2011275236

(71) Applicant: Caterpillar SARL
1208 Geneva (CH)

(72) Inventors:
* HATA, Yoshihiko
Setagaya-ku
Tokyo 1588530 (JP)

(74)

TADA, Shogo
Setagaya-ku
Tokyo 1588530 (JP)

Representative: Schmidbauer, Andreas Konrad
Wagner & Geyer

Patent- und Rechtsanwilte
Gewiirzmiihlstrasse 5

80538 Miinchen (DE)

(54) HYDRAULIC MACHINERY

(67)  The invention addresses the problem of avoid-
ing insufficient flow being supplied to the hydraulic actu-
ator and speed becoming insufficient during light loads
in hydraulic machinery such as hydraulic shovels when
the engine rotation speed is set low during normal work.
The solution is to increase the discharge flow of the hy-
draulic pump (2) by increasing the rotation speed of the
engine (1) above the target rotation speed set by the
engine rotation speed-setting means (14) when the hy-
draulic pump (2) discharge pressure is at the light load
pump discharge pressure, the hydraulic pump (2) incli-
nation angle is at the maximum inclination angle, and the
negative control signal pressure is at the signal pressure
when the hydraulic actuator-operating means (7) is at full
operation.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the technical
field of a hydraulic work machine such as a hydraulic
shovel.

BACKGROUND ART

[0002] Generally, hydraulic work machines, such as
hydraulic shovels, are configured to drive a hydraulic
pump by an engine to operate various hydraulic actuators
(a hydraulic motor and a hydraulic cylinder) that use the
hydraulic pump as a hydraulic pressure supply source,
and thus perform various operations such as traveling
and excavation. In recent years, improvements in fuel
efficiency and reductions of exhaust gases in these hy-
draulic work machines have been in progress. One stud-
ied method of achieving the objects is setting the engine
rotation speed to be low during normal operation. How-
ever, when the engine rotation speed is thus set to be
low, the rotation speed of the hydraulic pump, driven by
the engine, is also lowered. Thus, the maximum flow rate
that can be supplied from the hydraulic pump to the hy-
draulic actuator is reduced. As a result, a problem arises
in that a sufficient speed cannot be obtained when the
hydraulic actuator is to be operated at a high speed in a
light load state.

[0003] A technique of controlling the engine rotation
speed in accordance with the load pressure to improve
fuel efficiency in the light load state, is known (see, for
example, Patent Document 1). Here, when the load on
the hydraulic actuator is light and the discharge pressure
of the hydraulic pump is low, a desired discharge flow
rate is obtained by lowering the engine rotation speed
and increasing the capacity of the hydraulic pump.
[0004] Patent Document 1: Japanese Patent Applica-
tion Laid-open No. H6-81802

DISCLOSURE OF THE INVENTION

[0005] However, when the engine rotation speed is set
to be low during normal operation, in an attempt to
achieve lower fuel consumption, in the technique de-
scribed in Patent Document 1 described above, the en-
gine rotation speed, at the time when the load on the
hydraulic actuator is light, is even lower than that during
the normal operation. Thus, the flow rate from the hy-
draulic pump to the hydraulic actuator is not increased
with the increased capacity of the hydraulic pump. As a
result, the problem of the insufficient speed, when the
hydraulic actuator is to be operated at a high speed in
the light load state, cannot be solved. Thus, an object of
the present invention is to solve this problem.

[0006] Withthe foregoingin view, the presentinvention
is made to solve the problems and an invention of claim
1 is a hydraulic work machine including: an engine; a
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variable capacity hydraulic pump driven by the engine;
a hydraulic actuator that operates using the hydraulic
pump as a hydraulic pressure supply source; a control
valve that is displaced in accordance with an operation
amount of a hydraulic actuator operation means so as to
control a pressure oil supply flow rate from the hydraulic
pump to the hydraulic actuator; a negative control circuit
thatoutputs a negative control signal pressure to capacity
varying means of the hydraulic pump to increase or de-
crease a discharge flow rate of the hydraulic pump in
accordance with a displacement amount of the control
valve; an engine rotation speed setting means operated
to seta target rotation speed of the engine; and an engine
control device that controls a rotation speed of the engine
based on the target rotation speed set with the engine
rotation speed setting means. The hydraulic work ma-
chine further includes pump pressure detection means
for detecting a discharge pressure of the hydraulic pump,
pump capacity detection means for detecting a capacity
of the hydraulic pump, and negative control signal pres-
sure detection means for detecting the negative control
signal pressure. The engine control device performs en-
gine rotation speed increasing control for increasing the
engine rotation speed to be higher than the target rotation
speed set with the engine rotation speed setting means,
when the discharge pressure of the hydraulic pump de-
tected by the pump pressure detection means is not larg-
er than a set pump pressure set in advance as a pump
discharge pressure in a light load state, the pump capac-
ity detected by the pump capacity detection means is at
a maximum capacity of the hydraulic pump, and the neg-
ative control signal pressure detected by the negative
control signal pressure detection meansis notlargerthan
asetsignal pressure setin advance as a negative control
signal pressure in a fully operated state of the hydraulic
actuator operation means.

[0007] With the invention of claim 1, even in the case
where the engine rotation speed is set to be low during
normal operation to achieve lower fuel consumption, the
enginerotation speed increases when the engine rotation
speed increasing control is performed, and thus the dis-
charge flow rate of the hydraulic pump can be increased.
This can prevent insufficient speed due to an insufficient
supply flow rate to the hydraulic actuator in the case
where an operation requiring high speed at a light load
is performed, whereby excellent operability is guaran-
teed and an attempt to improve work efficiency is largely
facilitated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Fig. 1 is a hydraulic pressure control circuit diagram
of a hydraulic shovel.
Fig. 2 is a flowchart of engine rotation speed control.
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BEST MODE FOR CARRYING OUT THE INVENTION

[0009] An embodiment of the present invention is de-
scribed below by referring to the drawings.

[0010] A hydraulic pressure control circuit provided to
a hydraulic shovel, as an example of a hydraulic work
machine, is illustrated in Fig. 1, in which 1 denotes an
engine, 2 denotes a variable capacity hydraulic pump
driven by the engine 1, 2a denotes capacity varying
means of the hydraulic pump 2, 3 denotes an oil tank,
and A denotes hydraulic actuators that operate using the
hydraulic pump 2 as a hydraulic pressure supply source.
In this embodiment, the hydraulic shovel includes, as the
hydraulic actuators A, left and right drive motors, a swing
motor, a boom cylinder, an arm cylinder, and a bucket
cylinder. In this embodiment, an axial piston pump, in
which a capacity changes in accordance with ainclination
angle of a swash plate, is used as the hydraulic pump 2.
[0011] Furthermore, 4 denotes control valves that per-
form oil supply/discharge control for the respective hy-
draulic actuators A. The control valve 4 is configured to
be positioned at a neutral position N in which pressure
oil is not supplied to the hydraulic actuator A, in a state
where no pilot pressure is supplied to pilot ports 4a and
4b, and is configured to be displaced when the pilot pres-
sure is supplied to the pilot ports 4a and 4b and to be
switched to an operation position X or Y in which a dis-
charged oil from the hydraulic pump 2 is supplied to the
hydraulic actuator A. Here, a control is performed in such
a manner that the displacement amount (movement
stroke) of the control valve 4 increases/decreases in ac-
cordance with the increase/decrease of the pilot pressure
inputto the pilot ports 4a and 4b, and a pressure oil supply
flow rate to the hydraulic actuator A increases when a
displacement amount of the control valve 4 increases. A
center bypass valve path 4c to be connected to a center
bypass oil path 5, described later, is formed in each con-
trol valve 4. The opening amount of the center bypass
valve path 4c is at the maximum when the control valve
4 is at the neutral position N, and reduces as the dis-
placement amount of the control valve 4 increases.
[0012] Furthermore, 6 denotes a pilot valve. The pilot
valve 6 outputs the pilot pressure to each of the pilot ports
4a and 4b of the control valve 4, based on an operation
on a hydraulic actuator operation device (operation de-
vices respectively for left and right traveling, swing, the
boom, the arm, and the bucket, in this embodiment) 7.
Here, the pilot pressure output from the pilot valve 6 in-
creases/decreases in accordance with the operation
amount on the hydraulic actuator operation means 7. In
Fig. 1, only the pilot valve 6 that outputs the pilot pressure
to the control valve 4 at the right end is illustrated, and
the pilot valves 6 that output the pilot pressure to other
control valves 4 are omitted because the pilot valves are
the same as the right end one.

[0013] The center bypass oil path 5 is an oil path that
is formed to extend from the hydraulic pump 2, sequen-
tially pass through the center bypass valve paths 4c
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formed in the respective control valves 4, and then pass
through a negative control orifice 8 to reach the oil tank
3. The pressure on the upstream side of the negative
control orifice 8 in the center bypass oil path 5 is input,
as a negative control signal pressure, to the capacity var-
ying means 2a of the hydraulic pump 2, through a signal
circuit 9. The negative control signal pressure is high
when the opening amount of the center bypass valve
path 4c of the control valve 4 is maximum, that is, when
the control valve 4 is positioned at the neutral position N,
while the negative control signal pressure becomes lower
as the opening amount of the center bypass valve path
4c becomes smaller, thatis, as the displacement amount
of the control valve 4 becomes larger. The capacity var-
ying means 2a of the hydraulic pump 2 controls the dis-
charge flow rate of the hydraulic pump 2, in such a man-
ner that the negative control signal pressure at a higher
pressure leads to a smaller discharge flow rate of the
hydraulic pump 2, and the negative control signal pres-
sure at a lower pressure leads to a larger discharge flow
rate of the hydraulic pump 2. The center bypass valve
path 4c of the control valve 4, the center bypass oil path
5, the negative control orifice 8, and the signal circuit 9
form a negative control circuit of the present invention.
[0014] Furthermore, 10 denotes an engine control de-
vice that controls the rotation speed of the engine 1. The
engine control device 10 receives a signal from each of
a pump pressure detection sensor (corresponding to
pump pressure detection means of the present invention)
11 that detects the discharge pressure of the hydraulic
pump 2, a inclination angle detection sensor (corre-
sponding to pump capacity detection means of the
present invention) 12 that detects the inclination angle
of the swash plate of the hydraulic pump 2, a negative
control signal pressure detection sensor (corresponding
to negative control signal pressure detection means of
the presentinvention) 13 that detects the negative control
signal pressure, and an engine rotation speed setting
means (such as an accelerator dial and an accelerator
lever) 14. The engine control device 10 controls the ro-
tation speed of the engine 1, based on the input signals.
[0015] Here, the engine rotation speed setting means
14 is an operation means used by an operator to set the
target rotation speed of the engine 1 as desired. In this
embodiment, the operator can set the engine rotation
speed to a plurality of levels by using the engine rotation
speed setting means 14. The engine rotation speed set-
ting means 14 may enable the engine rotation speed to
be set in a stepless manner.

[0016] Next, an engine rotation speed control per-
formed by the engine control device 10 will be described
by referring to the flowchart in Fig. 2.

[0017] First, the engine control device 10 receives sig-
nals from the pump pressure detection sensor 11, the
inclination angle detection sensor 12, a negative control
signal pressure detection sensor 13, and the engine ro-
tation speed setting means 14 (step S1).

[0018] Then, the engine control device 10 determines
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whether a negative control signal pressure Pn, detected
by the negative control signal pressure detection sensor
13, is not larger than a set signal pressure PnS (1.8 Mpa,
for example) (Pn < PnS?), the set signal pressure Pns
being set in advance as a negative control signal pres-
sure when at least one hydraulic actuator operation
means 7 is in a fully operated state (at least one control
valve 4 is displaced by the maximum displacement
amount) (step S2).

[0019] When"YES"is determined in step S2 described
above, that is, when the negative control signal pressure
Pn is not larger than the set signal pressure PnS (Pn <
PnS), itis further determined whether the discharge pres-
sure Pp of the hydraulic pump 2 detected by the pump
pressure detection sensor 11 is not larger than a set
pump pressure PpS (20 MPa for example) (Pp < PpS?),
the set pump pressure PpS being set in advance as a
pump discharge pressure in the light load state (step S3).
[0020] When"YES"is determined in step S3 described
above, that is, when the discharge pressure Pp of the
hydraulic pump 2 is notlarger than the set pump pressure
PpS (Pp < PpS), whether the inclination angle S of the
swash plate of the hydraulic pump 2, detected by the
inclination angle detection sensor 12, is at the maximum
inclination angle S6m at which the capacity of the hy-
draulic pump 2 (S6 = S6m?) is maximum, is further de-
termined (step S4).

[0021] When"YES"is determined in step S4 described
above, that is, when the inclination angle S6 of the swash
plate of the hydraulic pump 2 is at the maximum inclina-
tion angle S6m (SO = S6m), the engine control device 10
performs an engine rotation speed increasing control for
increasing the engine rotation speed up to a light-load
state rotation speed that is higher than the target rotation
speed set with the engine rotation speed setting means
14 (step S5). Here, the light-load state rotation speed is
higher than the target rotation speed set with the engine
rotation speed setting means 14, by a predetermined ro-
tation speed (200 rps, for example), and is set for each
target rotation speed.

[0022] Theenginerotation speed increasing control for
increasing the engine rotation speed up to the light-load
state rotation speed that is higher than the target rotation
speed set with the engine rotation speed setting means
14 is performed, when "YES" is determined in all of steps
S2, S3, and S4 described above, that is, when the neg-
ative control signal pressure Pn is not larger than the set
signal pressure PnS (the hydraulic actuator operation
means 7 isin the fully operated state), the discharge pres-
sure Pp of the hydraulic pump 2 is not larger than the set
pump pressure PpS (in the light load state), and the in-
clination angle S6 of the swash plate of the hydraulic
pump 2 is at the maximum inclination angle S6ém (the
capacity of the hydraulic pump 2 is at the maximum).
Thus, the rotation speed of the hydraulic pump 2, driven
by the engine 1, is increased by performing the engine
rotation speed increasing control, whereby the discharge
flow rate of the hydraulic pump 2 can be increased.

10

15

20

25

30

35

40

45

50

55

[0023] On the other hand, when "NO" is determined in
any one of steps S2, S3, and S4 described above, that
is, when the negative control signal pressure exceeds
the set signal pressure (Pn > PnS), when the discharge
pressure of the hydraulic pump 2 exceeds the set pump
pressure (Pp > PpS), or when the inclination angle of the
swash plate of the hydraulic pump 2 is not at the maxi-
mum inclination angle (S6 = S6m), the engine control
device 10 controls the engine rotation speed so that the
target rotation speed set with the engine rotation speed
setting means 14 is achieved (step S6).

[0024] In this embodiment configured as described
above, the hydraulic shovel includes: the engine 1; the
variable capacity hydraulic pump 2 driven by the engine
1; the hydraulic actuator A that operates using the hy-
draulic pump 2 as a hydraulic pressure supply source;
the control valve 4 that is displaced in accordance with
an operation amount of a hydraulic actuator operation
means 7 so as to control a pressure oil supply flow rate
from the hydraulic pump 2 to the hydraulic actuator A;
the negative control circuit (the center bypass valve path
4c of the control valve 4, the center bypass oil path 5,
the negative control orifice 8, and the signal circuit 9) that
outputs the negative control signal pressure to the ca-
pacity varying means 2a of the hydraulic pump 2 to in-
crease or decrease a discharge flow rate of the hydraulic
pump 2 in accordance with a displacement amount of
the control valve 4; the engine rotation speed setting
means 14 operated to set the target rotation speed of the
engine 1; and the engine control device 10 that controls
a rotation speed of the engine 1 based on the target ro-
tation speed set with the engine rotation speed setting
means 14. The hydraulic shovel further includes the
pump pressure detection sensor 11 for detecting a dis-
charge pressure of the hydraulic pump 2, the inclination
angle detection sensor 12 for detecting the inclination
angle of the hydraulic pump 2, and the negative control
signal pressure detection sensor 13 for detecting the neg-
ative control signal pressure. The engine control device
10 performs engine rotation speed increasing control for
increasing the rotation speed of the engine 1 up to the
light-load state rotation speed higher than the target ro-
tation speed set with the engine rotation speed setting
means 14, when the discharge pressure of the hydraulic
pump 2 detected by the pump pressure detection sensor
11 is not larger than a set pump pressure set in advance
as a pump discharge pressure in the light load state, the
inclination angle of the swash plate of the hydraulic pump
2 detected by the inclination angle detection sensor 12
is at the maximum inclination angle (the pump capacity
is at the maximum capacity), and the negative control
signal pressure detected by the negative control signal
pressure detection sensor 13 is not larger than the set
signal pressure set in advance as the negative control
signal pressure in the fully operated state of the hydraulic
actuator operation means 7.

[0025] When, inthe light load state, the capacity of the
hydraulic pump 2 is at the maximum capacity, and the
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hydraulic actuator operation means 7 is in the fully oper-
ated state, the engine rotation speed increasing control
is performed for increasing the engine rotation speed up
to the light-load state rotation speed higher than the target
rotation speed set with the engine rotation speed setting
means 14. Thus, the rotation speed of the hydraulic pump
2 also increases. As a result, by setting a low target ro-
tation speed with the engine rotation speed setting
means 14 and performing an operation with the low target
rotation speed during normal operation, a lower fuel con-
sumption can be achieved, and the discharge flow rate
of the hydraulic pump 2 can be increased by the engine
rotation speed increasing control in the light load state.
Thus, for example, when an operation such as dumping
or return operation during truck loading, requiring a high
speedwith alightload, is performed, aninsufficientspeed
due to an insufficient supply flow rate to the hydraulic
actuator A can be prevented, whereby an excellent op-
erability is guaranteed, and an attempt to improve the
work efficiency is largely facilitated.

INDUSTRIAL APPLICABILITY

[0026] The present invention can be used for various
hydraulic work machines such as a hydraulic shovel, in-
cluding a hydraulic pump driven by an engine and a hy-
draulic actuator that operates using the hydraulic pump
as a hydraulic pressure supply source.

EXPLANATION OF REFERENCE NUMERALS

[0027]

1 Engine

2 Hydraulic pump

2a  Capacity varying means

4 Control valve

4c  Center bypass valve path

5 Center bypass oil path

7 Hydraulic actuator operation means
8 Negative control orifice

9 Signal circuit

10  Engine control device

11 Pump pressure detection sensor

12  Inclination angle detection sensor

13 Negative control signal pressure detection sensor
14  Engine rotation speed setting means

Claims
1. A hydraulic work machine comprising:

an engine;

avariable capacity hydraulic pump driven by the
engine;

a hydraulic actuator that operates using the hy-
draulic pump as a hydraulic pressure supply
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source;
a control valve that is displaced in accordance
with an operation amount of a hydraulic actuator
operation means so as to control a pressure oil
supply flow rate from the hydraulic pump to the
hydraulic actuator;

a negative control circuit that outputs a negative
control signal pressure to capacity varying
means of the hydraulic pump to increase or de-
crease a discharge flow rate of the hydraulic
pump in accordance with a displacement
amount of the control valve;

an engine rotation speed setting means operat-
ed to set a target rotation speed of the engine;
and

an engine control device that controls a rotation
speed of the engine based on the target rotation
speed set with the engine rotation speed setting
means,

the hydraulic work machine further comprising:

pump pressure detection means for detect-
ing a discharge pressure of the hydraulic
pump;

pump capacity detection means for detect-
ing a capacity of the hydraulic pump; and
negative control signal pressure detection
means for detecting the negative control
signal pressure,

wherein the engine control device performs
engine rotation speed increasing control for
increasing the engine rotation speed to be
higher than the target rotation speed set
with the engine rotation speed setting
means, when the discharge pressure of the
hydraulic pump detected by the pump pres-
sure detection means is not larger than a
set pump pressure set in advance as a
pump discharge pressure in a light load
state, the pump capacity detected by the
pump capacity detection means is ata max-
imum capacity of the hydraulic pump, and
the negative control signal pressure detect-
ed by the negative control signal pressure
detection means is not larger than a set sig-
nal pressure set in advance as a negative
control signal pressure in a fully operated
state of the hydraulic actuator operation
means.
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Fig. 1



Fig. 2
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