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(57) Abrégé/Abstract:

A hydraulic system (1) of an industrial vehicle (2) includes an oil tank (5) in which hydraulic oil is retained; a hydraulic pump (6, 16)
that draws in the hydraulic oil from the tank (5) and supply the oil to a loading actuator (9, 10) and a brake unit (15); a brake valve
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(57) Abrégé(suite)/Abstract(continued):

(18) that controls the hydraulic oil to be supplied to the brake unit (15) according to an operation of a brake operation tool (14); a
hydraulic oil cooler (19) that cools the hydraulic oil; a cooling passage (20) that allows the hydraulic oil to flow toward the cooler (19)
and further allows the oil cooled in the cooler (19) to flow toward the brake unit (15); and a switching valve (21, 50) that switches
between a first oil passage (21a, 50a) that cuts off a supply of the hydraulic oil from the hydraulic pump (16) to the cooling passage
(20) and a second oil passage (21b, 50b) that allows the supply of the hydraulic oil from the hydraulic pump (16) to the cooling
passage (20).
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ABSTRACT OF THE DISCLOSURE

A hydraulic system (1) of an industrial vehicle (2) includes an oil tank (5) in
which hydraulic oil is retained; a hydraulic pump (6, 16) that draws in the hydraulic
oil from the tank (5) and supply the oil to a loading actuator (9, 10) and a brake unit
(15); a brake valve (18) that controls the hydraulic oil to be supplied to the brake
unit (15) according to an operation of a brake operation tool (14); a hydraulic oil
cooler (19) that cools the hydraulic oil; a cooling passage (20) that allows the
hydraulic oil to flow toward the cooler (19) and further allows the oil cooled in the
cooler (19) to flow toward the brake unit (15); and a switching valve (21, 50) that
switches between a first oil passage (21a, 50a) that cuts off a supply of the
hydraulic oil from the hydraulic pump (16) to the cooling passage (20) and a second
oil passage (21b, 50b) that allows the supply of the hydraulic oil from the hydraulic
pump (16) to the cooling passage (20).
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HYDRAULIC SYSTEM OF INDUSTRIAL VEHICLE

The present disclosure relates to a hydraulic system of an industrial
vehicle.

BACKGROUND ART

Japanese Patent Application Publication No. 2006-264417 discloses a
known hydraulic system of an industrial vehicle, for example. The hydraulic system
disclosed in Japanese Patent Application Publication No. 2006-264417 includes a
hydraulic pump for a brake and a hydraulic pump for an operating machine that are
driven by an engine, a wheel cylinder that is driven by hydraulic oil discharged from
the hydraulic pump for a brake, a brake operation valve disposed between the
hydraulic pump for a brake and the wheel cylinder and provided with a brake pedal,
an accumulator connected to a pipe that branches off from a pipe connected to the
hydraulic pump for a brake, a cylinder for an operating machine that is driven by
hydraulic oil discharged from the hydraulic pump for an operating machine, and an
operating-machine operation valve disposed between the hydraulic pump for an

operating machine and the cylinder for an operating machine.

The above-described hydraulic system may include a hydraulic oil cooler
configured to cool hydraulic oil for cooling a brake unit, and may supply the
hydraulic oil, which has been cooled in the hydraulic oil cooler, to the brake unit. In
this case, the hydraulic system needs a dedicated hydraulic pump and oil tank for
the cooling of the brake unit in addition to the hydraulic oil cooler. This configuration
causes an increase in the number of necessary components of the hydraulic
system and a mounting space for those components, which leads to an increase in

size of the industrial vehicle to which the hydraulic system is mounted.

The present disclosure, which has been made in light of the
above-mentioned problem, is directed to providing a hydraulic system of an

industrial vehicle that allows the number of components and a mounting space for

Date Regue/Date Received 2020-09-14
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the components to be reduced.

SUMMARY

In accordance with one aspect of the present disclosure, there is provided
a hydraulic system of an industrial vehicle that includes a loading actuator and a
brake unit that are driven by hydraulic oil. The hydraulic system of an industrial
vehicle further includes an oil tank in which the hydraulic oil is retained; a hydraulic
pump configured to draw in the hydraulic oil from the oil tank and supply the
hydraulic oil to the loading actuator and the brake unit; a control valve configured to
control the hydraulic oil supplied from the hydraulic pump to the loading actuator; a
brake valve configured to control the hydraulic oil to be supplied to the brake unit
according to an operation of a brake operation tool; a hydraulic oil cooler configured
to cool the hydraulic oil; a cooling passage that allows the hydraulic oil to flow
toward the hydraulic oil cooler and further allows the hydraulic oil cooled in the
hydraulic oil cooler to flow toward the brake unit; and a switching valve configured
to switch between a first oil passage that cuts off a supply of the hydraulic oil from
the hydraulic pump to the cooling passage and a second oil passage that allows

the supply of the hydraulic oil from the hydraulic pump to the cooling passage.

Other aspects and advantages of the present disclosure will become
apparent from the following description, taken in conjunction with the
accompanying drawings, illustrating by way of example the principles of the
present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure together with objects and advantages thereof, may

best be understood by reference to the following description of the presently

preferred embodiments together with the accompanying drawings in which:

Date Regue/Date Received 2020-09-14



10

15

20

25

30

FIG. 1 is a schematic configuration diagram of a hydraulic system of an

industrial vehicle according to a first embodiment of the present disclosure;

FIG. 2 is a hydraulic circuit diagram of the hydraulic system including a

brake valve and a charging valve illustrated in FIG. 1;

FIG. 3 is a schematic configuration diagram of a hydraulic system of an
industrial vehicle as a comparative example;

FIG. 4 is a schematic configuration diagram of a hydraulic system of an

industrial vehicle according to a second embodiment of the present disclosure;

FIG. 5 is a flowchart of control process performed by a controller illustrated
in FIG. 4;

FIG. 6 is a graph showing temperature characteristics of hydraulic oil;

FIG. 7 is a schematic configuration diagram of a hydraulic system of an

industrial vehicle according to a third embodiment of the present disclosure; and

FIG. 8 is a flowchart of control process performed by a controller illustrated
inFIG. 7.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The following will describe embodiments of the present disclosure in detalil
with reference to the accompanying drawings. It is to be noted that, in the
drawings, the same or substantially equal components are designated by the same
reference numerals and will not be further elaborated.

FIG. 1 is a schematic configuration diagram of a hydraulic system of an

industrial vehicle according to a first embodiment of the present disclosure. In FIG.

Date Regue/Date Received 2020-09-14
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1, a hydraulic system 1 of this embodiment is mounted to a forklift truck 2 that
serves as an industrial vehicle. The forklift truck 2 includes an engine 3 and a

torque converter 4 that is attached to an output shaft of the engine 3.

The hydraulic system 1 includes an oil tank 5, a hydraulic pump 6, a
steering cylinder 7, a steering valve 8, a lift cylinder 9, a tilt cylinder 10, and a

control valve 11.

The oil tank 5 is configured to retain hydraulic oil. The hydraulic pump 6 is
driven by the engine 3 via the torque converter 4. The hydraulic pump 6 is

configured to draw in the hydraulic oil retained in the oil tank 5 and discharge it.

The steering cylinder 7 is driven by the hydraulic oil discharged from the
hydraulic pump 6 to assist an operator to steer the industrial vehicle. The steering
valve 8 is disposed between the hydraulic pump 6 and the steering cylinder 7, and
configured to change the flow direction of the hydraulic oil according to a steering
direction of the steering wheel (not shown).

The lift cylinder 9 and the tilt cylinder 10 serve as a loading actuator that is
driven by the hydraulic oil discharged from the hydraulic pump 6. The lift cylinder 9
is configured to lift a fork (not shown). The tilt cylinder 10 is configured to tilt a mast
(not shown).

The control valve 11 is configured to control the hydraulic oil that is
supplied from the hydraulic pump 6 to the lift cylinder 9 and the tilt cylinder 10.
Specifically, the control valve 11 controls the flow direction and the flow rate of the
hydraulic oil flowing from the hydraulic pump 6 to the lift cylinder 9 according to an
operational direction and an operational amount of a lift lever (not shown). The
control valve 11 is configured to control the flow direction and the flow rate of the
hydraulic oil flowing from the hydraulic pump 6 to the tilt cylinder 10 according to an
operational direction and an operational amount of a tilt lever (not shown). Areturn
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filter 12 is disposed in a flow passage between the lift cylinder 9 and the control

valve 11 and the oil tank 5.

The hydraulic system 1 further includes a brake system 13 that is
configured to apply a brake to the forklift truck 2. The brake system 13 includes a
brake pedal 14, a wet-brake unit 15, a hydraulic pump 16, an accumulator 17, a
brake valve 18, a hydraulic oil cooler 19, a cooling passage 20, and a charging
valve 21.

The brake pedal 14 is a brake operation tool that is pressed by the operator
for applying a brake. The wet-brake unit 15 includes a wet-brake disc 23 that is
configured to apply a brake to a wheel 22 of the forklift truck 2, and a brake piston
24 that is configured to press the wet-brake disc 23. The brake piston 24 is driven

by the hydraulic oil.

The hydraulic pump 16 is disposed coaxially with the hydraulic pump 6,
and driven by the engine 3 via the torque converter 4. The hydraulic pump 16 is
configured to draw in the hydraulic oil retained in the oil tank 5 and discharge it. A
suction filter 25 is disposed in a flow passage between the oil tank 5 and the
hydraulic pumps 6, 16 to prevent foreign substances, such as dust, from entering

the hydraulic pumps 6, 16.

The accumulator 17 is configured to accumulate the hydraulic oil
discharged from the hydraulic pump 16. The brake valve 18 is disposed between
the accumulator 17 and the brake piston 24. The brake valve 18 is configured to
control the hydraulic oil that is supplied from the accumulator 17 to the brake piston
24 according to the operation of the brake pedal 14. Specifically, the brake valve
18 controls the flow rate and the pressure of the hydraulic oil that is supplied from
the accumulator 17 to the brake piston 24 according to the operational amount of
the brake pedal 14.

Date Regue/Date Received 2020-09-14
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The brake valve 18 is a closed valve as illustrated in FIG. 2. The brake
valve 18 is configured to switch between an unloading position 18a, a neutral

position 18b, and a braking position 18c.

The unloading position 18a is a position where the brake valve 18 allows a
communication between the oil tank 5 and the brake piston 24 and cuts off a
communication between the accumulator 17 and the brake piston 24. The neutral
position 18b is a position where the brake valve 18 cuts off the communication
between the accumulator 17 and the oil tank 5 and the brake piston 24. The
braking position 18c is a position where the brake valve 18 allows the
communication between the accumulator 17 and the brake piston 24 and cuts off

the communication between the oil tank 5 and the brake piston 24.

When the brake pedal 14 is not pressed, the brake valve 18 is in the
unloading position 18a. When the brake pedal 14 is pressed, the brake valve 18 is
switched from the unloading position 18a to the neutral position 18b or the braking
position 18c according to the pressing amount of the brake pedal 14. When the
pressing amount of the brake pedal 14 is normal, the brake valve 18 is switched to

the braking position 18c.

The hydraulic oil cooler 19 is configured to cool the hydraulic oil discharged
from the hydraulic pump 16. The cooling passage 20 connects the charging valve
21 and the oil tank 5 via the wet-brake unit 15. The cooling passage 20 allows the
hydraulic oil to flow from the hydraulic pump 16 toward the hydraulic oil cooler 19
and further allows the hydraulic oil cooled in the hydraulic oil cooler 19 to flow
toward the wet-brake unit 15. The hydraulic oil cooler 19 is disposed between the
charging valve 21 and the wet-brake unit 15 in the cooling passage 20. The
hydraulic oil cooled in the hydraulic oil cooler 19 is supplied to the wet-brake unit 15
to cool the wet-brake disc 23. The hydraulic oil returns to the oil tank 5 after cooling
the wet-brake disc 23.

Date Regue/Date Received 2020-09-14
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In the cooling passage 20, a return filter 26 is disposed between the
wet-brake unit 15 and the oil tank 5. Further, a relief valve 27 is disposed in a flow
passage between the hydraulic oil cooler 19 and the oil tank 5. A relief valve 28 is
disposed in a flow passage connecting the oil tank 5 with a part of the cooling

passage 20 between the charging valve 21 and the hydraulic oil cooler 19.

The charging valve 21 is disposed between the hydraulic pump 16, the
wet-brake unit 15, and the accumulator 17. The charging valve 21 is a switching
valve that is configured to switch between an accumulation oil passage 21a and a
cooling oil passage 21b. The accumulation oil passage 21a serves as a first oil
passage that allows a supply of the hydraulic oil from the hydraulic pump 16 to the
accumulator 17, and cuts off a supply of the hydraulic oil from the hydraulic pump
16 to the cooling passage 20. The cooling oil passage 21b serves as a second oil
passage that allows the supply of the hydraulic oil from the hydraulic pump 16 to
the cooling passage 20 when the pressure in the accumulator 17 is equal to or
higher than a set pressure value. The set pressure is, for example, a pressure
enough to fill the accumulator 17 with the hydraulic oil.

The charging valve 21 includes a housing 30 and a spool 31 that is
disposed in the housing 30, as illustrated in FIG. 2. The housing 30 has a pump
port 32 to which the hydraulic pump 16 is connected, an accumulator port 33 (ACC
port 33) to which the accumulator 17 is connected, and a cooler port 34 to which

the hydraulic oil cooler 19 is connected.

The pump port 32 is connected to the cooler port 34 via a flow passage 35.
The spool 31 is disposed in the flow passage 35. The ACC port 33 is connected to
a part of the flow passage 35 between the pump port 32 and the spool 31 via a flow
passage 36. A check valve 37 is disposed in the flow passage 36 and allows the
flow of the hydraulic oil from the pump port 32 to the ACC port 33 only. The pump
port 32 is connected to the cooler port 34 via a flow passage 38. Arelief valve 39 is
disposed in the flow passage 38 and opens when the pressure in the pump port 32

is excessively high.
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The spool 31 switches between an open position and a close position
depending on the pressure in the ACC port 33 (the pressure in the accumulator
17). The spool 31 has a spring 40 at one end of the spool 31. The spool 31 further
has a pilot operator 41 at the other end of the spool 31. The pilot operator 41 is
connected to the ACC port 33 via a pilot line 42. The pilot line 42 receives a pilot
pressure that corresponds to the pressure in the accumulator 17.

When the pilot pressure is equal to or lower than an urging force provided
by the spring 40, the spool 31 is in the close position (as illustrated in FIG. 2) and
cuts off the flow of the hydraulic oil from the pump port 32 to the cooler port 34.
Accordingly, the hydraulic oil discharged from the hydraulic pump 16 is not supplied
to the hydraulic oil cooler 19, but supplied to the accumulator 17 only. When the
pilot pressure becomes greater than the urging force provided by the spring 40, the
spool 31 is switched from the close position to the open position and allows the flow
of the hydraulic oil from the pump port 32 to the cooler port 34. Accordingly, the
hydraulic oil discharged from the hydraulic pump 16 is supplied to the accumulator
17 and the hydraulic oil cooler 19. The hydraulic oil discharged from the hydraulic
pump 16 is supplied preferentially to the accumulator 17. Further, excess hydraulic
oil, which is not supplied to the accumulator 17, is supplied to the hydraulic oil
cooler 19.

In the hydraulic system 1 including the above-described brake system 13,
the charging valve 21 switches to the accumulation oil passage 21a (the oil
passage on the ACC port 33 side) when the pressure in the accumulator 17 is
equal to or lower than the set pressure value. Accordingly, the hydraulic oil
discharged from the hydraulic pump 16 is supplied to the accumulator 17 via the

charging valve 21 and accumulated in the accumulator 17.

When the pressure in the accumulator 17 becomes higher than the set
pressure value, the charging valve 21 switches from the accumulation oil passage

21ato the cooling oil passage 21b (the oil passage on the cooler port 34 side). The
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hydraulic oil discharged from the hydraulic pump 16 is supplied preferentially to the
accumulator 17. After the accumulation of the hydraulic oil in the accumulator 17 is
completed, the hydraulic oil discharged from the hydraulic pump 16 is supplied to
the hydraulic oil cooler 19 via the charging valve 21.

When the brake pedal 14 is pressed in this case, the brake valve 18 is
switched from the unloading position 18a to the braking position 18c to supply the
hydraulic oil accumulated in the accumulator 17 to the brake piston 24 so that the
wet-brake disc 23 applies a brake to the wheel 22. The hydraulic oil cooled in the
hydraulic oil cooler 19 is supplied to the wet-brake unit 15 through the cooling

passage 20 to cool the wet-brake disc 23.

The hydraulic oil accumulated in the accumulator 17 is consumed for the
use of the wet-brake unit 15, which leads to a decrease in the pressure in the
accumulator 17. When the pressure in the accumulator 17 becomes equal to or
lower than the set pressure value, the charging valve 21 switches from the cooling
oil passage 21b to the accumulation oil passage 21a, so that the hydraulic oil is

accumulated in the accumulator 17 again.

FIG. 3 is a schematic configuration diagram of a hydraulic system of an
industrial vehicle as a comparative example. As illustrated in FIG. 3, a hydraulic
system 100 of the comparative example includes the hydraulic pump 6, the
steering cylinder 7, the steering valve 8, the lift cylinder 9, the tilt cylinder 10, the
control valve 11, the brake pedal 14, the wet-brake unit 15, the hydraulic pump 16,
the brake valve 18, and a main oil tank 101. The hydraulic system 100 further
includes a hydraulic oil cooler 102 that is disposed in a flow passage between the

brake valve 18 and the main oil tank 101.

Additionally, the hydraulic system 100 further includes a cooling unit 103
that is configured to cool the wet-brake unit 15. The cooling unit 103 includes a
cooling oil tank 104, a cooling hydraulic pump 105, a cooling passage 106, and a

hydraulic oil cooler 107.

Date Regue/Date Received 2020-09-14
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The cooling hydraulic pump 105 is configured to draw in the hydraulic oil
retained in the cooling oil tank 104 and discharge it. The cooling passage 106
connects the cooling hydraulic pump 105 and the cooling oil tank 104 via the
wet-brake unit 15. The hydraulic oil cooler 107 is disposed in the cooling passage
106 and configured to cool the hydraulic oil discharged from the cooling hydraulic
pump 105. The hydraulic oil cooled in the hydraulic oil cooler 107 is supplied to the
wet-brake unit 15 to cool the wet-brake disc 23.

However, the hydraulic system 100 of this comparative example needs the
cooling oil tank 104, the cooling hydraulic pump 105, and the hydraulic oil cooler
107 dedicated for the cooling of the wet-brake unit 15. Particularly, the cooling oil
tank 104 is large. This causes an increase in the number of necessary
components of the hydraulic system 100 and a mounting space for those
components, which leads to an increase in size of a forklift truck to which the

hydraulic system 100 is mounted.

In contrast, in this embodiment, when the brake pedal 14 is pressed, the
brake valve 18 allows the supply of the hydraulic oil to the wet-brake unit 15 to
operate the wet-brake unit 15. When the charging valve 21 switches to the cooling
oil passage 21b, the hydraulic oil discharged from the hydraulic pump 16 is
supplied to the cooling passage 20. The hydraulic oil cooled in the hydraulic oil
cooler 19 is supplied, through the cooling passage 20, to the wet-brake unit 15 and
cools the wet-brake unit 15. Providing the charging valve 21 eliminates the need
for the dedicated cooling oil tank 104 and cooling hydraulic pump 105, thereby
allowing the oil tank 5 to be used as a common oil tank and minimizing the number
of hydraulic pumps to a bare minimum. This configuration also eliminates the need
for the hydraulic oil cooler 102. Accordingly, this configuration reduces the number
of components of the hydraulic system 1 and the mounting space for those

components. As a result, this configuration allows the forklift truck 2 to be compact.

_10_
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Further, in this embodiment, when the pressure in the accumulator 17 is
lower than the set pressure value, the charging valve 21 switches to the
accumulation oil passage 21a to cause the hydraulic oil discharged from the
hydraulic pump 16 to be accumulated in the accumulator 17. When the pressure in
the accumulator 17 becomes equal to or higher than the set pressure value, the
charging valve 21 switches to the cooling oil passage 21b to complete the
accumulation of the hydraulic oil in the accumulator 17. When the brake pedal 14
is pressed, the brake valve 18 allows the supply of the hydraulic oil from the
accumulator 17 to the wet-brake unit 15 to operate the wet-brake unit 15. The use
of the accumulator 17 reduces the load on the hydraulic pump 16.

In this embodiment, the hydraulic oil cooler 19 is disposed between the
charging valve 21 and the wet-brake unit 15 in the cooling passage 20.
Accordingly, the hydraulic oil is supplied to the wet-brake unit 15 immediately after
the hydraulic oil is cooled in the hydraulic oil cooler 19, so that the wet-brake unit 15

is cooled efficiently.

FIG. 4 is a schematic configuration diagram of a hydraulic system of an
industrial vehicle according to a second embodiment of the present disclosure. As
illustrated in FIG. 4, the hydraulic system 1 of this embodiment includes a brake
system 13A. The brake system 13A includes a solenoid switching valve 50,
instead of the charging valve 21 of the first embodiment.

The brake system 13A has a detour-flow passage 51 that connects the
solenoid switching valve 50 to a part of the cooling passage 20 between the
hydraulic oil cooler 19 and the wet-brake unit 15 and detours around the hydraulic
oil cooler 19. Between the hydraulic oil cooler 19 and the detour-flow passage 51 in
the cooling passage 20, a check valve 52 is disposed to allow the flow of the
hydraulic oil from the hydraulic oil cooler 19 side to the wet-brake unit 15 side only.

The solenoid switching valve 50 is disposed between the hydraulic pump

16, the wet-brake unit 15, and the accumulator 17. The solenoid switching valve 50

_11_
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is a three-way valve that is configured to switch between three ways such as an
accumulation oil passage 50a, a cooler-through-oil passage 50b, and a

cooler-detour-oil passage 50c.

The accumulation oil passage 50a serves as a first oil passage that allows
the supply of the hydraulic oil from the hydraulic pump 16 to the accumulator 17
and cuts off the supply of the hydraulic oil from the hydraulic pump 16 to the
hydraulic oil cooler 19 and the detour-flow passage 51. That is, the accumulation
oil passage 50a is an oil passage that cuts off the supply of the hydraulic oil from
the hydraulic pump 16 to the cooling passage 20.

The cooler-through-oil passage 50b serves as a second oil passage that
allows the supply of the hydraulic oil from the hydraulic pump 16 to the hydraulic oil
cooler 19 and cuts off the supply of the hydraulic oil from the hydraulic pump 16 to
the accumulator 17 and the detour-flow passage 51. Thatis, the cooler-through-oil
passage 50b is an oil passage that allows the supply of the hydraulic oil from the
hydraulic pump 16 to the cooling passage 20.

The cooler-detour-oil passage 50c serves as an oil passage that allows the
supply of the hydraulic oil from the hydraulic pump 16 to the detour-flow passage
51 and cuts off the supply of the hydraulic oil from the hydraulic pump 16 to the
accumulator 17 and the hydraulic oil cooler 19.

The brake system 13A further includes a temperature sensor 53, a

pressure sensor 54, and a controller 55.

The temperature sensor 53 serves as a temperature detector that is
configured to detect the temperature of the hydraulic oil retained in the oil tank 5.
The temperature sensor 53 is, for example, a thermocouple sensor. The
temperature sensor 53 may detect the temperature of the hydraulic oil that flows
through a flow passage connected to the oil tank 5. The pressure sensor 54 serves

_12_
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as a pressure detector that is configured to detect the pressure in the accumulator
17.

The controller 55 includes a central processing unit (CPU), a random
access memory (RAM), a read-only memory (ROM), and input/output interfaces.
The controller 55 serves as a controller that is configured to control the solenoid
switching valve 50 based on the detection values (a temperature of the hydraulic oil
in the oil tank 5 and a pressure in the accumulator 17) detected by the temperature

sensor 53 and the pressure sensor 54.

FIG. 5 is a flowchart of control process performed by the controller 55. As
illustrated in FIG. 5, first, the controller 55 obtains the detection values detected by
the temperature sensor 53 and the pressure sensor 54 (step S101).

Next, the controller 55 judges, based on the detection value detected by
the temperature sensor 53, whether the temperature of the hydraulic oil is equal to
or lower than a specified temperature (step S102). The specified temperature is 10
degrees centigrade, for example. When the controller 55 judges that the
temperature of the hydraulic oil is equal to or lower than the specified temperature,
the controller 55 judges, based on the detection value detected by the pressure
sensor 54, whether the pressure in the accumulator 17 is equal to or lower than a
specified pressure (step S103). The specified pressure is, for example, a pressure

enough to fill the accumulator 17 with the hydraulic oil.

When the controller 55 judges that the pressure in the accumulator 17 is
equal to or lower than the specified pressure, the controller 55 controls the solenoid
switching valve 50 to switch to the accumulation oil passage 50a (step S104).
When the controller 55 judges that the pressure in the accumulator 17 is higher
than the specified pressure, the controller 55 controls the solenoid switching valve

50 to switch to the cooler-detour-oil passage 50c (step S105).

_13_
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When the controller 55 judges in step S102 that the temperature of the
hydraulic oil is higher than the specified temperature, the controller 55 judges,
based on the detection value detected by the pressure sensor 54, whether the
pressure in the accumulator 17 is equal to or lower than the specified pressure
(step S106). The specified pressure in this step is the same as the specified
pressure in step S103.

When the controller 55 judges that the pressure in the accumulator 17 is
equal to or lower than the specified pressure, the controller 55 controls the solenoid
switching valve 50 to switch to the accumulation oil passage 50a (step S104).
When the controller 55 judges that the pressure in the accumulator 17 is higher
than the specified pressure, the controller 55 controls the solenoid switching valve
50 to switch to the cooler-through-oil passage 50b (step S107).

In this embodiment, as described above, when the pressure in the
accumulator 17 is equal to or lower than the specified pressure, the solenoid
switching valve 50 switches to the accumulation oil passage 50a, regardless of the
temperature of the hydraulic oil, to cause the hydraulic oil discharged from the
hydraulic pump 16 to be accumulated in the accumulator 17. When the pressure in
the accumulator 17 becomes higher than the specified pressure, the solenoid
switching valve 50 switches to the cooler-through-oil passage 50b or the
cooler-detour-oil passage 50c to complete the accumulation of the hydraulic oil in
the accumulator 17. When the brake pedal 14 is pressed, the brake valve 18
allows the supply of the hydraulic oil from the accumulator 17 to the wet-brake unit
15 to operate the wet-brake unit 15. The use of the accumulator 17 reduces the
load on the hydraulic pump 16.

As illustrated in FIG. 6, the kinetic viscosity of the hydraulic oil increases as
the temperature of the hydraulic oil decreases. The kinetic viscosity of the
hydraulic oil is high when the hydraulic oil is at a low temperature, so that the forklift
truck 2 is likely to stall or likely to decrease the loading speed of the lift cylinder 9
and the tilt cylinder 10.

_14_
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In this embodiment, when the temperature of the hydraulic oil is equal to or
lower than the specified temperature and the pressure in the accumulator 17 is
higher than the specified pressure, the controller 55 controls the solenoid switching
valve 50 to switch to the cooler-detour-oil passage 50c. The hydraulic oil
discharged from the hydraulic pump 16 does not flow through the hydraulic oil
cooler 19, but flows through the detour-flow passage 51 to be supplied to the
wet-brake unit 15. Accordingly, the hydraulic oil discharged from the hydraulic
pump 16 is not cooled in the hydraulic oil cooler 19. This allows the hydraulic oil to
be heated early when the hydraulic oil is at a low temperature, thereby reducing the
length of time before the normal loading operation of the lift cylinder 9 and the tilt
cylinder 10 becomes available. This therefore improves the work efficiency. This

also prevents the forklift truck 2 from stalling.

In this embodiment, the three-way solenoid switching valve 50 and the
cooling passage 20 are connected to each other via the detour-flow passage 51,
which detours around the hydraulic oil cooler 19, but it is not limited to this
configuration, and the detour-flow passage 51 does not have to be connected to
the cooling passage 20. In this case, a two-way solenoid switching valve for
switching between two ways may be adopted, instead of the three-way solenoid

switching valve 50.

FIG. 7 is a schematic configuration diagram of a hydraulic system of an
industrial vehicle according to a third embodiment of the present disclosure. As
illustrated in FIG. 7, the hydraulic system 1 of this embodiment includes a brake
system 13B. The brake system 13B includes a solenoid switching valve 60, in
addition to the charging valve 21 of the first embodiment. The solenoid switching
valve 60 is disposed between the charging valve 21 and the wet-brake unit 15.
Similar to the second embodiment, the brake system 13B includes the detour-flow
passage 51, which detours around the hydraulic oil cooler 19, and a check valve 52
that is disposed in the cooling passage 20.
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The solenoid switching valve 60 is a two-way switching valve and disposed
between the charging valve 21 and the hydraulic oil cooler 19. The solenoid
switching valve 60 is configured to switch between a cooler-through-oil passage

60a and a cooler-detour-oil passage 60b.

The cooler-through-oil passage 60a serves as a third oil passage that
allows the supply of the hydraulic oil from the hydraulic pump 16 to the hydraulic oil
cooler 19 and cuts off the supply of the hydraulic oil from the hydraulic pump 16 to
the detour-flow passage 51. The cooler-detour-oil passage 60b serves as a fourth
oil passage that allows the supply of the hydraulic oil from the hydraulic pump 16 to
the detour-flow passage 51 and cuts off the supply of the hydraulic oil from the

hydraulic pump 16 to the hydraulic oil cooler 19.

The brake system 13B further includes the above-described temperature
sensor 53 and a controller 55A. The controller 55A serves as a controller that is
configured to control the solenoid switching valve 60 based on the detection value
detected by the temperature sensor 53.

FIG. 8 is a flowchart of control process performed by the controller 55A. As
illustrated in FIG. 8, first, the controller 55A obtains the detection value detected by

the temperature sensor 53 (step S111).

Next, the controller 55A then judges, based on the detection value
detected by the temperature sensor 53, whether the temperature of the hydraulic
oil is equal to or lower than the specified temperature (step S112). The specified

temperature is 10 degrees centigrade, for example.

When the controller 55A judges that the temperature of the hydraulic oil is
equal to or lower than the specified temperature, the controller 55A controls the
solenoid switching valve 60 to switch to the cooler-detour-oil passage 60b (step
S113). When the controller 55A judges that the temperature of the hydraulic oil is
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higher than the specified temperature, the controller 55A controls the solenoid

switching valve 60 to switch to the cooler-through-oil passage 60a (step S114).

In this embodiment, as described above, when the temperature of the
hydraulic oil is equal to or lower than the specified temperature, the solenoid
switching valve 60 switches to the cooler-detour-oil passage 60b. The hydraulic oil
discharged from the hydraulic pump 16 does not flow through the hydraulic oil
cooler 19, but flows through the detour-flow passage 51 to be supplied to the
wet-brake unit 15. Accordingly, the hydraulic oil discharged from the hydraulic
pump 16 is not cooled in the hydraulic oil cooler 19. This allows the hydraulic oil to
be heated early when the hydraulic oil is at a low temperature, thereby reducing the
length of time before the normal loading operation of the lift cylinder 9 and the tilt
cylinder 10 becomes available.

The present disclosure is not limited to the above-described embodiments.
For example, in the above-described embodiments, the hydraulic oil cooler 19 is
disposed between the solenoid switching valve 60 and the wet-brake unit 15 in the
cooling passage 20, that is, upstream of the cooling passage 20 with respect to the
wet-brake unit 15 (on the hydraulic pump 16 side). However, it is not limited to this,
and the hydraulic oil cooler 19 may be disposed between the wet-brake unit 15 and
the oil tank 5 in the cooling passage 20 or disposed in a passage, such as a
passage between the brake valve 18 and the oil tank 5.

In the above-described embodiments, the charging valve 21 is configured
to constantly allow the supply of the hydraulic oil from the hydraulic pump 16 to the
accumulator 17, but it is not limited to this configuration. The charging valve 21
may switch between the accumulation oil passage 21a, which allows the supply of
the hydraulic oil from the hydraulic pump 16 to the accumulator 17 and cuts off the
supply of the hydraulic oil from the hydraulic pump 16 to the hydraulic oil cooler 19,
and the cooling oil passage 21b, which allows the supply of the hydraulic oil from
the hydraulic pump 16 to the hydraulic oil cooler 19 and cuts off the supply of the

hydraulic oil from the hydraulic pump 16 to the accumulator 17.
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In the above-described embodiment, the accumulator 17 is provided to
accumulate the hydraulic oil discharged from the hydraulic pump 16, and the brake
valve 18 causes the accumulator 17 to supply the hydraulic oil to the wet-brake unit
15 when the brake pedal 14 is pressed. However, it is not limited to this
configuration. For example, if the accumulator 17 is not provided, the brake valve
18 may allow the supply of the hydraulic oil from the hydraulic pump 16 to the
wet-brake unit 15 when the brake pedal 14 is pressed.

In the above-described embodiment, the hydraulic pumps 6, 16 are driven
by the engine 3, but it is not limited to this configuration, and the hydraulic pumps 6,
16 may be driven by an electric motor. Further, only one hydraulic pump may be
provided.

In the above-described embodiments, the hydraulic system 1 is mounted
to the forklift truck 2, but the hydraulic system of this present disclosure is
applicable to any industrial vehicle other than the forklift truck as long as such

industrial vehicle includes a loading actuator for performing loading.
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What is claimed is;

1. A hydraulic system of an industrial vehicle comprising:
a loading actuator and a brake unit that are driven by hydraulic oil, wherein
the hydraulic system of an industrial vehicle includes:

an oil tank in which the hydraulic oil is retained,;

a hydraulic pump configured to draw in the hydraulic oil from the oil
tank and supply the hydraulic oil to the loading actuator and the brake unit;

a control valve configured to control the hydraulic oil supplied from
the hydraulic pump to the loading actuator;

a brake valve configured to control the hydraulic oil to be supplied
to the brake unit according to an operation of a brake operation tool;

a hydraulic oil cooler configured to cool the hydraulic oil;

a cooling passage that allows the hydraulic oil to flow toward the
hydraulic oil cooler and further allows the hydraulic oil cooled in the hydraulic oil
cooler to flow toward the brake unit; and

a switching valve configured to switch between a first oil passage
that cuts off a supply of the hydraulic oil from the hydraulic pump to the cooling
passage and a second oil passage that allows the supply of the hydraulic oil from
the hydraulic pump to the cooling passage.

2. The hydraulic system of an industrial vehicle according to claim 1, wherein

the hydraulic system further includes an accumulator that is configured to
accumulate the hydraulic oil discharged from the hydraulic pump,

the brake valve is configured to control the hydraulic oil supplied from the
accumulator to the brake unit according to the operation of the brake operation tool,

the switching valve is disposed between the hydraulic pump and the
accumulator,

the first oil passage allows the supply of the hydraulic oil from the hydraulic
pump to the accumulator and cuts off the supply of the hydraulic oil from the
hydraulic pump to the cooling passage, and

the second oil passage allows the supply of the hydraulic oil from the
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hydraulic pump to the cooling passage when a pressure in the accumulator is equal

to or higher than a set pressure.

3. The hydraulic system of an industrial vehicle according to claim 1 or 2,
wherein
the hydraulic oil cooler is disposed between the switching valve and the

brake unit in the cooling passage.

4. The hydraulic system of an industrial vehicle according to claim 1, wherein
the hydraulic system further includes:
an accumulator configured to accumulate the hydraulic oil
discharged from the hydraulic pump;
a pressure detector configured to detect a pressure in the
accumulator; and
a controller configured to control the switching valve based on the
pressure in the accumulator detected by the pressure detector,
the brake valve is configured to control the hydraulic oil that is supplied
from the accumulator to the brake unit according to the operation of the brake
operation tool,
the switching valve is a solenoid switching valve and disposed between the
hydraulic pump and the accumulator,
the first oil passage allows the supply of the hydraulic oil from the hydraulic
pump to the accumulator and cuts off the supply of the hydraulic oil from the
hydraulic pump to the cooling passage,
the second oil passage cuts off the supply of the hydraulic oil from the
hydraulic pump to the accumulator and allows the supply of the hydraulic oil from
the hydraulic pump to the cooling passage, and
the controller controls the solenoid switching valve to switch to the first oil
passage when the pressure in the accumulator detected by the pressure detector
is equal to or lower than a specified pressure, and controls the solenoid switching
valve to switch to the second oil passage when the pressure in the accumulator

detected by the pressure detector is higher than the specified pressure.
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5. The hydraulic system of an industrial vehicle according to claim 4, wherein

the hydraulic system further includes a temperature detector configured to
detect a temperature of the hydraulic oil,

the hydraulic oil cooler is disposed between the solenoid switching valve
and the brake unit in the cooling passage,

the solenoid switching valve is connected to a part of the cooling passage
between the hydraulic oil cooler and the brake unit by a detour-flow passage that
detours around the hydraulic oil cooler,

the first oil passage allows the supply of the hydraulic oil from the hydraulic
pump to the accumulator and cuts off the supply of the hydraulic oil from the
hydraulic pump to the hydraulic oil cooler and the detour-flow passage,

the second oil passage allows the supply of the hydraulic oil from the
hydraulic pump to the hydraulic oil cooler and cuts off the supply of the hydraulic oil
from the hydraulic pump to the accumulator and the detour-flow passage,

the hydraulic system further includes a cooler-detour oil passage, and the
solenoid switching valve switches between the first oil passage, the second oil
passage, and the cooler-detour oil passage that allows the supply of the hydraulic
oil from the hydraulic pump to the detour-flow passage and cuts off the supply of
the hydraulic oil from the hydraulic pump to the accumulator and the hydraulic oil
cooler, and

the controller controls the solenoid switching valve to switch to the
cooler-detour oil passage when the temperature of the hydraulic oil detected by the
temperature detector is equal to or lower than a specified temperature and the
pressure in the accumulator detected by the pressure detector is higher than the
specified pressure, controls the solenoid switching valve to switch to the second oil
passage when the temperature of the hydraulic oil detected by the temperature
detector is higher than the specified temperature and the pressure in the
accumulator detected by the pressure detector is higher than the specified
pressure, and controls the solenoid switching valve to switch to the first oil passage
regardless of the temperature of the hydraulic oil detected by the temperature

detector when the pressure in the accumulator detected by the pressure detectoris
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equal to or lower than the specified pressure.

6. The hydraulic system of an industrial vehicle according to claim 1, wherein
the hydraulic system further includes:
an accumulator configured to accumulate the hydraulic oil
discharged from the hydraulic pump;
a solenoid switching valve disposed between the switching valve
and the brake unit;
a temperature detector configured to detect a temperature of the
hydraulic oil; and
a controller configured to control the solenoid switching valve
based on the temperature of the hydraulic oil detected by the temperature detector,
the brake valve is configured to control the hydraulic oil supplied from the
accumulator to the brake unit according to the operation of the brake operation tool,
the hydraulic oil cooler is disposed between the solenoid switching valve
and the brake unit in the cooling passage,
the solenoid switching valve is connected to a part of the cooling passage
between the hydraulic oil cooler and the brake unit by a detour-flow passage that
detours around the hydraulic oil cooler,
the first oil passage allows the supply of the hydraulic oil from the hydraulic
pump to the accumulator and cuts off the supply of the hydraulic oil from the
hydraulic pump to the cooling passage,
the second oil passage allows the supply of the hydraulic oil from the
hydraulic pump to the cooling passage when a pressure in the accumulator is equal
to or higher than a set pressure,
the solenoid switching valve is configured to switch between a third oil
passage that allows the supply of the hydraulic oil from the hydraulic pump to the
hydraulic oil cooler and cuts off the supply of the hydraulic oil from the hydraulic
pump to the detour-flow passage and a fourth oil passage that allows the supply of
the hydraulic oil from the hydraulic pump to the detour-flow passage and cuts off
the supply of the hydraulic oil from the hydraulic pump to the hydraulic oil cooler,
and
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the controller controls the solenoid switching valve to switch to the fourth oil
passage when the temperature of the hydraulic oil detected by the temperature
detector is equal to or lower than a specified temperature, and controls the solenoid
switching valve to switch to the third oil passage when the temperature of the
hydraulic oil detected by the temperature detector is higher than the specified
temperature.
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