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(54) HYDRAULIC SYSTEM

(57) A closed-circuit hydraulic system includes: a
pump driven by a rotating machine; a rod-side supply line
that connects a first port of the pump to a rod-side cham-
ber of a hydraulic cylinder; a head-side supply line that
connects a second port of the pump to a head-side cham-
ber of the hydraulic cylinder; a check valve provided on
a first tank line that is branched off from the rod-side
supply line and connects to a tank; and a head-side coun-
ter balance valve provided on a second tank line that is
branched off from the head-side supply line and connects
to the tank. The head-side counter balance valve is con-
figured to allow a flow from the head-side supply line
toward the tank when a head-side reference pressure is
higher than a setting pressure, the head-side reference
pressure being based on a pressure of the rod-side sup-
ply line and a pressure of the head-side supply line.
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Description

Technical Field

[0001] The present invention relates to a hydraulic sys-
tem in which a single-rod hydraulic cylinder and a pump
are connected in a manner to form a closed circuit.

Background Art

[0002] Conventionally, there is a known hydraulic sys-
tem in which a single-rod hydraulic cylinder and a pump
are connected in a manner to form a closed circuit. For
example, Patent Literature 1 discloses a hydraulic sys-
tem 100 as shown in FIGS. 4A and 4B.
[0003] In the hydraulic system 100, a single-rod hy-
draulic cylinder 120 and a pump 110 are connected by
a rod-side supply line 131 and a head-side supply line
132 in a manner to form a closed circuit. A first tank line
141 is branched off from the rod-side supply line 131,
and a second tank line 151 is branched off from the head-
side supply line 132. The first tank line 141 and the sec-
ond tank line 151 are provided with a pilot check valve
142 and a pilot check valve 152, respectively.
[0004] The pilot check valve 142 provided on the first
tank line 141 stops exerting its reverse flow preventing
function when the pressure of the head-side supply line
132 has become high, and the pilot check valve 152 pro-
vided on the second tank line 151 stops exerting its re-
verse flow preventing function when the pressure of the
rod-side supply line 131 has become high.
[0005] Patent Literature 2 discloses a hydraulic system
in which a single-rod hydraulic cylinder is disposed in
such a manner that the cylinder extends downward. In
the hydraulic system, a head-side supply line is provided
with a counter balance valve.

Citation List

Patent Literature

[0006]

PTL 1: Japanese Laid-Open Patent Application Pub-
lication No. 2004-257448
PTL 2: Japanese Patent No. 3833291

Summary of Invention

Technical Problem

[0007] In the hydraulic system 100 disclosed by Patent
Literature 1, if the load direction when the hydraulic cyl-
inder 120 retracts is the extending direction of the cylinder
120 as shown in FIG. 4A, since the cylinder is moved in
its retracting direction against the load, the pressure of
the rod-side supply line 131 becomes high. Also, the pilot
check valve 152 of the second tank line 151 is opened,

and a hydraulic liquid in an amount corresponding to the
area difference between the head-side chamber and the
rod-side chamber of the hydraulic cylinder 120 flows into
a tank 160 through the second tank line 151. At the time,
the speed of the hydraulic cylinder 120 is controlled by
the delivery flow rate of the pump 110 (i.e., the flow rate
at the rod side of the hydraulic cylinder 120).
[0008] However, if the load direction is reversed into
the retracting direction as shown in FIG. 4B, the pressure
of the head-side supply line 132 becomes high, and the
pressure at the suction side of the pump 110 becomes
high. Accordingly, the pump 110 is driven by this pres-
surized oil. Also, the pilot check valve 142 of the first tank
line 141 is opened due to the pressure of the head-side
supply line 132, and the hydraulic liquid in an amount
corresponding to the area difference between the rod-
side chamber and the head-side chamber of the hydraulic
cylinder 120 flows into the tank 160 through the first tank
line 141. At the time, the speed of the hydraulic cylinder
120 is controlled by the suction flow rate of the pump 110
(i.e., the flow rate at the head side of the hydraulic cylinder
4). That is, when the hydraulic cylinder 120 retracts, if
the load direction is reversed from the extending direction
to the retracting direction, or reversed from the retracting
direction to the extending direction, not only a mechanical
shock, but also a change in the speed of the hydraulic
cylinder 120 occurs.
[0009] It should be noted that due to the orientation of
the hydraulic cylinder in the hydraulic system disclosed
by Patent Literature 2, Patent Literature 2 does not as-
sume that the load is applied in the retracting direction
when the hydraulic cylinder retracts.
[0010] In view of the above, an object of the present
invention is to provide a hydraulic system that is capable
of suppressing a change in the speed of a hydraulic cyl-
inder even if the load direction is reversed when the hy-
draulic cylinder retracts.

Solution to Problem

[0011] In order to solve the above-described problems,
a hydraulic system according to the present invention
includes: a single-rod hydraulic cylinder including a rod-
side chamber and a head-side chamber; a pump driven
by a rotating machine, the pump including a first port and
a second port; a rod-side supply line that connects the
first port to the rod-side chamber; a head-side supply line
that connects the second port to the head-side chamber
in a manner to form a closed circuit together with the
pump, the rod-side supply line, and the hydraulic cylinder;
a first tank line that is branched off from the rod-side
supply line and connects to a tank; a check valve provided
on the first tank line, the check valve allowing a flow from
the tank toward the rod-side supply line and preventing
a reverse flow; a second tank line that is branched off
from the head-side supply line and connects to the tank;
and a head-side counter balance valve provided on the
second tank line. A pressure of the rod-side supply line
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is led to the head-side counter balance valve through an
external pilot line. The head-side counter balance valve
is configured to: allow a flow from the tank toward the
head-side supply line; and prevent a flow from the head-
side supply line toward the tank when a head-side refer-
ence pressure is lower than a setting pressure, and allow
the flow from the head-side supply line toward the tank
when the head-side reference pressure is higher than
the setting pressure, the head-side reference pressure
being based on the pressure of the rod-side supply line
and a pressure of the head-side supply line. The setting
pressure is set to be higher than an expected maximum
pressure of the head-side chamber when the hydraulic
cylinder extends.
[0012] According to the above configuration, the set-
ting pressure of the head-side counter balance valve pro-
vided on the second tank line, which is branched off from
the head-side supply line, is set to be higher than the
expected maximum pressure of the head-side chamber.
Therefore, when the hydraulic cylinder extends, the
head-side counter balance valve does not open.
[0013] In a case where the load direction when the hy-
draulic cylinder retracts is the extending direction of the
cylinder, since the cylinder is moved in its retracting di-
rection against the load, the pressure of the rod-side sup-
ply line becomes high, and the head-side counter bal-
ance valve opens. As a result, the hydraulic liquid in an
amount corresponding to the area difference between
the head-side chamber and the rod-side chamber of the
hydraulic cylinder flows into the tank through the second
tank line.
[0014] On the other hand, in a case where the load
direction when the hydraulic cylinder retracts is the re-
tracting direction, the pressure of the rod-side supply line
becomes high to some extent due to the function of the
head-side counter balance valve, and the head-side
counter balance valve opens. As a result, the hydraulic
liquid in an amount corresponding to the area difference
between the head-side chamber and the rod-side cham-
ber of the hydraulic cylinder flows into the tank through
the second tank line.
[0015] As thus described, according to this configura-
tion, when the hydraulic cylinder retracts, the head-side
counter balance valve opens regardless of the load di-
rection. This makes it possible to control the speed of the
hydraulic cylinder by the flow rate into the rod-side cham-
ber of the cylinder, i.e., the delivery flow rate of the pump.
Accordingly, even if the load direction is reversed when
the hydraulic cylinder retracts, a change in the speed of
the hydraulic cylinder can be suppressed.
[0016] The head-side reference pressure may be a
sum value of a converted pressure and the pressure of
the head-side supply line, the converted pressure being
calculated by multiplying the pressure of the rod-side
supply line by a coefficient. For example, if the coefficient
used for calculating the converted pressure is set to be
relatively great, the head-side counter balance valve
opens even in a case where the pressure of the rod-side

supply line is relatively low. This makes it possible to
reduce the generation of heat that is caused by the pass-
ing of the hydraulic liquid through the head-side counter
balance valve.
[0017] The above hydraulic system may further include
a rod-side counter balance valve provided on the rod-
side supply line. The pressure of the head-side supply
line may be led to the rod-side counter balance valve
through an external pilot line. The rod-side counter bal-
ance valve may be configured to: allow a flow from the
pump toward the rod-side chamber; and prevent a flow
from the rod-side chamber toward the pump when a rod-
side reference pressure is lower than a setting pressure,
and allow the flow from the rod-side chamber toward the
pump when the rod-side reference pressure is higher
than the setting pressure, the rod-side reference pres-
sure being based on the pressure of the head-side supply
line and a pressure of the rod-side chamber.
[0018] According to the above configuration, in a case
where the load direction when the hydraulic cylinder ex-
tends is the retracting direction, since the pressure of the
head-side supply line is high, the rod-side counter bal-
ance valve opens. Meanwhile, the head-side counter bal-
ance valve is kept in a closed state due to the pressure
of the head-side supply line and the setting pressure.
Therefore, the hydraulic liquid in an amount correspond-
ing to the area difference between the head-side cham-
ber and the rod-side chamber of the hydraulic cylinder is
led from the tank through the check valve of the first tank
line.
[0019] On the other hand, in a case where the load
direction when the hydraulic cylinder extends is the ex-
tending direction, the pressure of the rod-side chamber
becomes high, and the rod-side counter balance valve
opens. Unlike the head-side counter balance valve, the
setting pressure of the rod-side counter balance valve
can be set to be relatively low, which makes it possible
to reduce the generation of heat that is caused by the
passing of the hydraulic liquid through the rod-side coun-
ter balance valve. Although the pressure of the head-side
supply line becomes high to some extent due to the func-
tion of the rod-side counter balance valve, the head-side
counter balance valve is kept in a closed state due to the
pressure of the head-side supply line and the setting
pressure. Therefore, the hydraulic liquid in an amount
corresponding to the area difference between the head-
side chamber and the rod-side chamber of the hydraulic
cylinder is led from the tank through the check valve of
the first tank line.
[0020] As thus described, according to this configura-
tion, when the hydraulic cylinder extends, the hydraulic
liquid is led from the tank through the first tank line re-
gardless of the load direction. This makes it possible to
control the speed of the hydraulic cylinder by the flow
rate into the head-side chamber of the cylinder, i.e., the
delivery flow rate of the pump. Accordingly, even if the
load direction is reversed when the hydraulic cylinder ex-
tends, a change in the speed of the hydraulic cylinder
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can be suppressed.
[0021] The rod-side reference pressure may be a sum
value of a converted pressure and the pressure of the
rod-side chamber, the converted pressure being calcu-
lated by multiplying the pressure of the head-side supply
line by a coefficient. For example, if the coefficient used
for calculating the converted pressure is set to be rela-
tively great, the rod-side counter balance valve opens
even in a case where the pressure of the head-side sup-
ply line is relatively low. This makes it possible to reduce
the generation of heat that is caused by the passing of
the hydraulic liquid through the rod-side counter balance
valve.
[0022] For example, the rotating machine may be a
servomotor, and a delivery side and a suction side of the
first and second ports of the pump may be switched with
each other in accordance with a rotation direction of the
rotating machine.

Advantageous Effects of Invention

[0023] The present invention makes it possible to sup-
press a change in the speed of a hydraulic cylinder even
if the load direction is reversed when the hydraulic cylin-
der retracts.

Brief Description of Drawings

[0024]

FIG. 1 shows a schematic configuration of a hydrau-
lic system according to one embodiment of the
present invention.
FIGS. 2A and 2B each show a flow of a hydraulic
liquid when a hydraulic cylinder retracts; FIG. 2A
shows the flow in a case where the load direction is
the extending direction of the cylinder; and FIG. 2B
shows the flow in a case where the load direction is
the retracting direction of the cylinder.
FIGS. 3A and 3B each show a flow of the hydraulic
liquid when the hydraulic cylinder extends; FIG. 3A
shows the flow in a case where the load direction is
the retracting direction; and FIG. 3B shows the flow
in a case where the load direction is the extending
direction.
FIGS. 4A and 4B each show a schematic configura-
tion of a conventional hydraulic system, and each
show a flow of a hydraulic liquid when a hydraulic
cylinder retracts.
FIGS. 5A and 5B each show a schematic configura-
tion of the conventional hydraulic system, and each
show a flow of the hydraulic liquid when the hydraulic
cylinder extends.

Description of Embodiments

[0025] FIG. 1 shows a hydraulic system 1 according
to one embodiment of the present invention. The hydrau-

lic system 1 includes: a single-rod hydraulic cylinder 4;
a pump 2 connected to the hydraulic cylinder 4 in a man-
ner to form a closed circuit; and a rotating machine 3
driving the pump 2. A hydraulic liquid flowing through the
closed circuit is typically oil, but may be a liquid different
from oil.
[0026] The hydraulic cylinder 4 includes a rod-side
chamber 41 and a head-side chamber 42, which are par-
titioned from each other by a piston. A rod extends from
the piston and penetrates the rod-side chamber 41.
[0027] The pump 2 includes a first port 21 and a second
port 22. The first port 21 is connected to the rod-side
chamber 41 of the hydraulic cylinder 4 by a rod-side sup-
ply line 51, and the second port 22 is connected to the
head-side chamber 42 of the hydraulic cylinder 4 by a
head-side supply line 52. With these rod-side supply line
51 and head-side supply line 52, the aforementioned
closed circuit is formed between the pump 2 and the hy-
draulic cylinder 4.
[0028] In the present embodiment, the pump 2 is a fixed
displacement pump, and the rotating machine 3 is a ser-
vomotor. The delivery side and the suction side of the
first and second ports 21 and 22 of the pump 2 are
switched with each other in accordance with the rotation
direction of the rotating machine 3. The speed and posi-
tion of the hydraulic cylinder 4 are controlled by control-
ling the rotation speed and rotation angle of the servo-
motor.
[0029] It should be noted that the pump 2 may be a
variable displacement pump, such as a swash plate
pump or a bent axis pump. Alternatively, the pump 2 may
be an over-center pump configured such that, even
though the rotation direction remains the same direction,
the delivery side and the suction side of the first and sec-
ond ports 21 and 22 are switchable with each other by
tilting the swash plate or the tilted axis bi-directionally
over a reference line (in a case where the pump 2 is a
swash plate pump, the reference line is a line orthogonal
to the center line of the pump2, whereas in a case where
the pump 2 is a bent axis pump, the reference line is the
center line of the pump 2). In this case, the rotating ma-
chine 3 may be an engine, or may be an inverter motor.
[0030] In the present embodiment, a drain line 23 ex-
tends from the pump 2 to a tank 11. When the pump 2
is driven, a slight amount of hydraulic liquid flows from
the pump 2 to the tank 11 through the drain line 23.
[0031] A first tank line 6 is branched off from the rod-
side supply line 51, and a second tank line 7 is branched
off from the head-side supply line 52. The first tank line
6 and the second tank line 7 connect to the tank 11.
[0032] The first tank line 6 is provided with a check
valve 61. The check valve 61 allows a flow from the tank
11 toward the rod-side supply line 51, and prevents the
reverse flow.
[0033] The second tank line 7 is provided with a head-
side counter balance valve 8A. The head-side counter
balance valve 8A moves in accordance with an internal
pilot pressure and an external pilot pressure. A pressure
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Prl of the rod-side supply line 51 (to be exact, the pressure
of a portion of the rod-side supply line 51 between the
pump 2 and a rod-side counter balance valve 8B de-
scribed below) is led to the head-side counter balance
valve 8A through an external pilot line 91.
[0034] The head-side counter balance valve 8A allows
a flow from the tank 11 toward the head-side supply line
52. On the other hand, the head-side counter balance
valve 8A prevents a flow from the head-side supply line
52 toward the tank 11 when a head-side reference pres-
sure Ps1 is lower than a setting pressure P1, and allows
the flow from the head-side supply line 52 toward the
tank 11 when the head-side reference pressure Ps1 is
higher than the setting pressure P1. The head-side ref-
erence pressure Ps1 is based on the pressure Prl of the
rod-side supply line 51, which is the external pilot pres-
sure, and a pressure Ph1 of the head-side supply line
52, which is the internal pilot pressure. Specifically, the
head-side reference pressure Ps1 is the sum value of a
converted pressure Pc1 and the pressure Ph1 of the
head-side supply line 52 (Ps1 = Pc1 + Phi). The convert-
ed pressure Pc1 is calculated by multiplying the pressure
Prl of the rod-side supply line 51 by a coefficient C1 (Pc1
= Prl 3 C1).
[0035] The setting pressure P1 of the head-side coun-
ter balance valve 8A is set to be higher than an expected
maximum pressure of the head-side chamber 42 when
the hydraulic cylinder 4 extends. The aforementioned co-
efficient C1 is, for example, 1.5 to 10.
[0036] To be more specific, the head-side counter bal-
ance valve 8Ahas a structure in which a relief valve 81
and a check valve 82, which are parallel to each other,
are incorporated in a housing. The relief valve 81 in-
cludes: a spool that slides within the housing; and a spring
that urges the spool in the axial direction of the spool
from one side. The spool receives the pressure Ph1 of
the head-side supply line 52 (i.e., internal pilot pressure)
and the pressure Prl of the rod-side supply line 51 (i.e.,
external pilot pressure), which are applied to the spool
from the other side of the axial direction of the spool. The
setting pressure P1 is the setting pressure of the relief
valve 81. The aforementioned coefficient C1 indicates
the ratio between an area over which the spool receives
the internal pilot pressure and an area over which the
spool receives the external pilot pressure.
[0037] It should be noted that the head-side reference
pressure Ps1 may be the sum value of the pressure Prl
of the rod-side supply line 51 and a converted pressure
Pd1 (Ps1 = Prl + Pd1). The converted pressure Pd1 is
calculated by multiplying the pressure Ph1 of the head-
side supply line 52 by a coefficient D1 (Pd1 = Ph1 3 D1).
In this case, the coefficient D1 is a value less than 1.
[0038] In the present embodiment, the rod-side supply
line 51 is provided with the rod-side counter balance valve
8B. The rod-side counter balance valve 8B moves in ac-
cordance with an internal pilot pressure and an external
pilot pressure. The pressure Phl of the head-side supply
line 52 is led to the rod-side counter balance valve 8B

through an external pilot line 92. In the illustrated exam-
ple, the external pilot line 92 connects to a portion of the
second tank line 7 between the head-side counter bal-
ance valve 8A and the head-side supply line 52. Of
course, the external pilot line 92 may connect to the head-
side supply line 52.
[0039] The rod-side counter balance valve 8B allows
a flow from the pump 2 toward the rod-side chamber 41.
On the other hand, the rod-side counter balance valve
8B prevents a flow from the rod-side chamber 41 toward
the pump 2 when a rod-side reference pressure Ps2 is
lower than a setting pressure P2, and allows the flow
from the rod-side chamber 41 toward the pump 2 when
the sum value Ps2 is higher than the setting pressure
P2. The rod-side reference pressure Ps2 is based on the
pressure Ph1 of the head-side supply line 52, which is
the external pilot pressure, and a pressure Prc of the rod-
side chamber 41, which is the internal pilot pressure. Spe-
cifically, the rod-side reference pressure Ps2 is the sum
value of a converted pressure Pc2 and the pressure Prc
of the rod-side chamber 41 (Ps2 = Pc2 + Prc). The con-
verted pressure Pc2 is calculated by multiplying the pres-
sure Ph1 of the head-side supply line 52 by a coefficient
C2 (Pc2 = Ph1 3 C2). It should be noted that the specific
internal structure of the rod-side counter balance valve
8B is the same as that of the head-side counter balance
valve 8A.
[0040] The setting pressure P2 of the rod-side counter
balance valve 8B may be set to be lower than, higher
than, or equal to the aforementioned setting pressure P1
of the head-side counter balance valve 8A. The afore-
mentioned coefficient C2 is, for example, 1.5 to 10.
[0041] It should be noted that the rod-side reference
pressure Ps2 may be the sum value of the pressure Ph1
of the head-side supply line 52 and a converted pressure
Pd2 (Ps2 = Ph1 + Pd2). The converted pressure Pd2 is
calculated by multiplying the pressure Prc of the rod-side
chamber 41 by a coefficient D2 (Pd2 = Prc 3 D2). In this
case, the coefficient D2 is a value less than 1.
[0042] Next, operations of the hydraulic system 1 are
described for the following two cases separately: when
the hydraulic cylinder 4 retracts; and when the hydraulic
cylinder 4 extends.

(1) When Hydraulic Cylinder 4 Retracts

[0043] As shown in FIG. 2A, in a case where the load
direction when the hydraulic cylinder 4 retracts is the ex-
tending direction of the cylinder 4, the pressure of the
rod-side supply line 51 becomes high. The head-side
counter balance valve 8A opens due to the external pilot
pressure (the pressure Prl of the rod-side supply line 51),
and the hydraulic liquid in an amount corresponding to
the area difference between the rod-side chamber 41
and the head-side chamber 42 of the hydraulic cylinder
4 flows into the tank 11 through the second tank line 7.
At the time, if the coefficient C1, which is used when
converting the pressure Prl of the rod-side supply line 51
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into the converted pressure Pc1, is set to be relatively
great, the head-side counter balance valve 8A opens
even in a case where the pressure Prl of the rod-side
supply line 51 is relatively low. This makes it possible to
reduce the generation of heat that is caused by the pass-
ing of the hydraulic liquid through the head-side counter
balance valve 8A.
[0044] It should be noted that if the flow rate into the
tank 11 is Qo, then Qo = Qh - Qr - α.
[0045] On the other hand, as shown in FIG. 2B, in a
case where the load direction when the hydraulic cylinder
4 retracts is the retracting direction of the cylinder 4, the
pressure of the rod-side supply line 51 becomes high to
some extent due to the function of the head-side counter
balance valve 8A, and the head-side counter balance
valve 8A opens due to the internal pilot pressure (the
pressure Ph1 of the head-side supply line 52) and the
external pilot pressure (the pressure Prl of the rod-side
supply line 51). As a result, the hydraulic liquid in an
amount corresponding to the area difference between
the head-side chamber 42 and the rod-side chamber 41
of the hydraulic cylinder 4 flows into the tank 11 through
the second tank line 7.
[0046] As described above, in the present embodi-
ment, when the hydraulic cylinder 4 retracts, the head-
side counter balance valve 8A opens regardless of the
load direction. This makes it possible to control the speed
of the hydraulic cylinder 4 by the delivery flow rate of the
pump 2 (the flow rate at the rod side of the hydraulic
cylinder 4). Accordingly, even if the load direction is re-
versed when the hydraulic cylinder 4 retracts, a change
in the speed of the hydraulic cylinder 4 can be sup-
pressed.

(2) When Hydraulic Cylinder 4 Extends

[0047] First, for the sake of comparison, operations of
the conventional hydraulic system 100 are described with
reference to FIGS. 5A and 5B.
[0048] In the conventional hydraulic system 100, in a
case where the load direction when the hydraulic cylinder
120 extends is the retracting direction as shown in FIG.
5A, since the pressure of the head-side supply line 132
is high, the hydraulic liquid in an amount corresponding
to the area difference between the head-side chamber
42 and the rod-side chamber 41 of the hydraulic cylinder
120 is led from the tank 160 through the pilot check valve
142 of the first tank line 141. At the time, the speed of
the hydraulic cylinder 120 is controlled by the delivery
flow rate of the pump 110 (the flow rate at the head side
of the hydraulic cylinder 4).
[0049] However, as shown in FIG. 5B, if the load di-
rection is reversed into the extending direction, the pres-
sure of the rod-side supply line 131 becomes high, and
the hydraulic liquid in an amount corresponding to the
area difference between the head-side chamber 42 and
the rod-side chamber 41 of the hydraulic cylinder 120 is
led from the tank 160 through the pilot check valve 152

of the second tank line 151. At the time, the speed of the
hydraulic cylinder 120 is controlled by the suction flow
rate of the pump 110 (the flow rate at the rod side of the
hydraulic cylinder 4). That is, when the hydraulic cylinder
120 extends, if the load direction is reversed from the
extending direction to the retracting direction, or reversed
from the retracting direction to the extending direction,
not only a mechanical shock, but also a change in the
speed of the hydraulic cylinder 120 occurs.
[0050] In this respect, in the hydraulic system 1 of the
present embodiment, when the hydraulic cylinder 4 ex-
tends, even if the load direction is reversed, a change in
the speed of the hydraulic cylinder 4 can be suppressed
for the reasons described below.
[0051] It should be noted that the setting pressure P1
of the head-side counter balance valve 8A provided on
the second tank line 7, which is branched off from the
head-side supply line 52, is set to be higher than the
expected maximum pressure of the head-side chamber
42. Therefore, when the hydraulic cylinder 4 extends, the
head-side counter balance valve 8A does not open.
[0052] As shown in FIG. 3A, in a case where the load
direction when the hydraulic cylinder 4 extends is the
retracting direction, since the pressure of the head-side
supply line 52 is high, the rod-side counter balance valve
8B opens due to the external pilot pressure (the pressure
Ph1 of the head-side supply line 52). At the time, if the
coefficient C2, which is used when converting the pres-
sure Ph1 of the head-side supply line 52 into the con-
verted pressure Pc2, is set to be relatively great, the rod-
side counter balance valve 8B opens even in a case
where the pressure Ph1 of the head-side supply line 52
is relatively low. This makes it possible to reduce the
generation of heat that is caused by the passing of the
hydraulic liquid through the rod-side counter balance
valve 8B. Meanwhile, the head-side counter balance
valve 8A is kept in a closed state due to the pressure Ph1
of the head-side supply line 52 and the setting pressure
P1. Therefore, the hydraulic liquid in an amount corre-
sponding to the area difference between the head-side
chamber 42 and the rod-side chamber 41 of the hydraulic
cylinder 4 is led from the tank 11 through the check valve
61 of the first tank line 6.
[0053] It should be noted that if the flow rate led from
the tank 11 is Qi, the flow rate into the head-side chamber
42 is Qh, the flow rate out of the rod-side chamber 41 is
Qr, and the drain amount from the pump 2 is α, then Qi
= Qh + α - Qr.
[0054] On the other hand, as shown in FIG. 3B, in a
case where the load direction when the hydraulic cylinder
4 extends is the extending direction, the pressure of the
rod-side chamber 41 becomes high, and the rod-side
counter balance valve 8B opens due to the internal pilot
pressure (the pressure Prc of the rod-side chamber 41).
Unlike the head-side counter balance valve 8A, the set-
ting pressure P2 of the rod-side counter balance valve
8B can be set to be relatively low, which makes it possible
to reduce the generation of heat that is caused by the
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passing of the hydraulic liquid through the rod-side coun-
ter balance valve 8B. Although the pressure of the head-
side supply line 52 becomes high to some extent due to
the function of the rod-side counter balance valve 8B,
the head-side counter balance valve 8A is kept in a closed
state due to the pressure Ph1 of the head-side supply
line 52 and the setting pressure P1. Therefore, the hy-
draulic liquid in an amount corresponding to the area dif-
ference between the head-side chamber 42 and the rod-
side chamber 41 of the hydraulic cylinder 4 is led from
the tank 11 through the check valve 61 of the first tank
line 6.
[0055] As described above, in the present embodi-
ment, when the hydraulic cylinder 4 extends, the hydrau-
lic liquid is led from the tank 11 through the first tank line
6 regardless of the load direction. This makes it possible
to control the speed of the hydraulic cylinder 4 by the
delivery flow rate of the pump 2 (the flow rate at the head
side of the hydraulic cylinder 4). Accordingly, even if the
load direction is reversed when the hydraulic cylinder 4
extends, a change in the speed of the hydraulic cylinder
4 can be suppressed.

(Variations)

[0056] The present invention is not limited to the
above-described embodiment. Various modifications
can be made without departing from the scope of the
present invention.
[0057] For example, depending on the usage, the rod-
side supply line 51 need not be provided with the rod-
side counter balance valve 8B.

Reference Signs List

[0058]

1 hydraulic system
11 tank
2 pump
21 first port
22 second port
3 rotating machine
4 hydraulic cylinder
41 rod-side chamber
42 head-side chamber
51 head-side supply line
52 rod-side supply line
6 first tank line
61 check valve
7 second tank line
8A head-side counter balance valve
8B rod-side counter balance valve
91, 92 external pilot line

Claims

1. A hydraulic system comprising:

a single-rod hydraulic cylinder including a rod-
side chamber and a head-side chamber;
a pump driven by a rotating machine, the pump
including a first port and a second port;
a rod-side supply line that connects the first port
to the rod-side chamber;
a head-side supply line that connects the second
port to the head-side chamber in a manner to
form a closed circuit together with the pump, the
rod-side supply line, and the hydraulic cylinder;
a first tank line that is branched off from the rod-
side supply line and connects to a tank;
a check valve provided on the first tank line, the
check valve allowing a flow from the tank toward
the rod-side supply line and preventing a reverse
flow;
a second tank line that is branched off from the
head-side supply line and connects to the tank;
and
a head-side counter balance valve provided on
the second tank line, wherein
a pressure of the rod-side supply line is led to
the head-side counter balance valve through an
external pilot line,
the head-side counter balance valve is config-
ured to:

allow a flow from the tank toward the head-
side supply line; and
prevent a flow from the head-side supply
line toward the tank when a head-side ref-
erence pressure is lower than a setting pres-
sure, and allow the flow from the head-side
supply line toward the tank when the head-
side reference pressure is higher than the
setting pressure, the head-side reference
pressure being based on the pressure of
the rod-side supply line and a pressure of
the head-side supply line, and

the setting pressure is set to be higher than an
expected maximum pressure of the head-side
chamber when the hydraulic cylinder extends.

2. The hydraulic system according to claim 1, wherein
the head-side reference pressure is a sum value of
a converted pressure and the pressure of the head-
side supply line, the converted pressure being cal-
culated by multiplying the pressure of the rod-side
supply line by a coefficient.

3. The hydraulic system according to claim 1 or 2, fur-
ther comprising a rod-side counter balance valve
provided on the rod-side supply line, wherein
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the pressure of the head-side supply line is led to
the rod-side counter balance valve through an ex-
ternal pilot line, and
the rod-side counter balance valve is configured to:

allow a flow from the pump toward the rod-side
chamber; and
prevent a flow from the rod-side chamber toward
the pump when a rod-side reference pressure
is lower than a setting pressure, and allow the
flow from the rod-side chamber toward the pump
when the rod-side reference pressure is higher
than the setting pressure, the rod-side reference
pressure being based on the pressure of the
head-side supply line and a pressure of the rod-
side chamber.

4. The hydraulic system according to claim 3, wherein
the rod-side reference pressure is a sum value of a
converted pressure and the pressure of the rod-side
chamber, the converted pressure being calculated
by multiplying the pressure of the head-side supply
line by a coefficient.

5. The hydraulic system according to any one of claims
1 to 4, wherein
the rotating machine is a servomotor, and
a delivery side and a suction side of the first and
second ports of the pump are switched with each
other in accordance with a rotation direction of the
rotating machine.
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