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(57) ABSTRACT

A hydraulic drive system includes: a first hydraulic motor
and a second hydraulic motor configured to be driven by
working oils respectively discharged from a first hydraulic
pump and a second hydraulic pump; a first pump control unit
and a second pump control unit configured to control
discharge volumes and discharge directions of the first
hydraulic pump and the second hydraulic pump; a signal
pressure generating unit configured to generate a signal
pressure for adjusting command pressures to control the first
pump control unit and the second pump control unit in
accordance with the sum of discharge pressures of the first
hydraulic pump and the second hydraulic pump; and a first
pressure adjusting unit and a second pressure adjusting unit
configured to adjust the command pressures in accordance
with the signal pressure.

/30 100
P1 P3 o
J
F7 !
P—éo}—ﬂ

— N\ 238
™ 234

4 EoRWARD

._\\_./3

s



US 2017/0190249 A1

Jul. 6,2017 Sheet 1 of 3

Patent Application Publication

!

|

N’

vez
862 \_,

4
77N
4 [0

I

« QUYMHOA |

=,
(9]
[Se)

LY

1§

ﬂr L4




US 2017/0190249 A1

Jul. 6,2017 Sheet 2 of 3

Patent Application Publication

4

Hid
[qaviova ] 4 Ggviioia]
m\\.llll...l..\.\ \\.!/!..I\\\N
Lodvo4 || / y Lawvneos]
vEz mﬁ J T%
mmmwff \ A 87 Gy i .
= A by £l
2y [t gl
£9 1 \\ N , %x\
Ty
Sd » /& . =~ Sd ¥y 5d TTHre——"%  |sd
4%@\\5 ///k.mmm -/ "l
A N ) .
\. \ @.../r\ \( v ad ﬁ m@Jf\.IW\ ld -
) . L \% _ \WM g gsves | ) )<
X\W ob e = 0ld 761 val £G1 161
151 \ ¢ol vd Zd M
031 051
od id
a0 s’ g




Patent Application Publication Jul. 6,2017 Sheet 3 of 3 US 2017/0190249 A1

oy
i fias] *
£ & 4
< | = -
== N
B [
=3 SO
2x =) 2
[a st Eat] g {\ e
3
<
C“’J\\
&
™ 2|
Bt (4]
{ €. Oa-
%
o

BACKWARD ||




US 2017/0190249 Al

LIQUID PRESSURE DRIVE SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a liquid pressure
drive system that transmits power by a hydraulic pressure.

BACKGROUND ART

[0002] Heretofore, a liquid pressure drive system as dis-
closed in JP2003-63266 A, for example, is known as a liquid
pressure drive system.

[0003] JP2003-63266A discloses a two-pump and two-
motor type hydraulic drive system including two right and
left HSTs in each of which a variable displacement hydraulic
pump and a variable displacement hydraulic motor are
fluid-connected by a closed circuit.

SUMMARY OF INVENTION

[0004] In such a liquid pressure drive system to be
mounted in a vehicle, there is a fear that when large
resistance is added to wheels during traveling of the vehicle,
discharge pressures of the liquid pressure pumps are boosted
and a large load is applied to a drive source.

[0005] It is an object of the present invention to provide a
liquid pressure drive system capable of suppressing a load
applied to a drive source.

[0006] According to an aspect of the present invention, a
liquid pressure drive system includes: a first liquid pressure
pump and a second liquid pressure pump configured to be
driven by power of a drive source, each of the first and
second liquid pressure pumps being capable of changing a
discharge volume and a discharge direction of a working
liquid; a first hydraulic motor configured to be driven by the
working liquid discharged from the first liquid pressure
pump, the first liquid pressure motor being configured to
transmit the power to one of right and left drive wheels; a
second liquid pressure motor configured to be driven by the
working liquid discharged from the second liquid pressure
pump, the second liquid pressure motor being configured to
transmit the power to the other of the right and left drive
wheels; a first pump control unit configured to control the
discharge volume and the discharge direction of the first
liquid pressure pump in accordance with a first command
pressure, the first command pressure being generated in
response to an operation of a worker; a second pump control
unit configured to control the discharge volume and the
discharge direction of the second liquid pressure pump in
accordance with a second command pressure, the second
command pressure being generated in response to an opera-
tion of the worker; a signal pressure generating unit config-
ured to generate a signal pressure for adjusting the first
command pressure and the second command pressure in
accordance with a sum of discharge pressures of the first
liquid pressure pump and the second liquid pressure pump;
a first pressure adjusting unit configured to adjust the first
command pressure in accordance with the signal pressure
generated by the signal pressure generating unit; and a
second pressure adjusting unit configured to adjust the
second command pressure in accordance with the signal
pressure generated by the signal pressure generating unit.
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BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1 is a hydraulic circuit diagram of a liquid
pressure drive system according to a first embodiment of the
present invention.

[0008] FIG. 2 is a hydraulic circuit diagram of a liquid
pressure drive system according to a second embodiment of
the present invention.

[0009] FIG. 3 is a hydraulic circuit diagram of a liquid
pressure drive system according to a comparative example
of the present invention.

DESCRIPTION OF EMBODIMENTS

[0010] Hereinafter, embodiments of the present invention
will be described with reference to the drawings.

[0011] A liquid pressure drive system includes a hydro-
static transmission (HST) configured to circulate a working
liquid between a liquid pressure pump and a liquid pressure
motor and transmit power to steplessly control the velocity
ratio of the liquid pressure motor with respect to the liquid
pressure pump. The liquid pressure drive system is mounted
in a working vehicle such as a forklift or the like. The liquid
pressure drive system is to control traveling of the vehicle by
controlling the power transmitted from a drive source to
right and left drive wheels (such as tires and crawlers).
Hereinafter, hydraulic drive systems 100, 200 in which a
working oil is used as the working liquid will be described.
The working liquid is not limited to the working oil but other
liquid such as a water soluble alternative liquid may be used.

First Embodiment

[0012] Firstly, with reference to FIG. 1, the entire con-
figuration of the hydraulic drive system 100 according to a
first embodiment of the present invention will be described.
[0013] As shownin FIG. 1, the hydraulic drive system 100
includes a first hydraulic pump 11 serving as a first liquid
pressure pump and a second hydraulic pump 21 serving as
a second liquid pressure pump, the hydraulic pumps 11, 21
to be driven by power of an engine 4 serving as a drive
source, the power being transmitted via a common drive
shaft 1, the hydraulic pumps 11, 21 being capable of
changing the discharge volumes and the discharge directions
of working oils, a first hydraulic motor 12 serving as a first
liquid pressure motor to be driven by the working oil
discharged from the first hydraulic pump 11, the first hydrau-
lic motor 12 being configured to transmit the power to a left
drive wheel 2 of right and left drive wheels 2, 3, a second
hydraulic motor 22 serving as a second liquid pressure
motor to be driven by the working oil discharged from the
second hydraulic pump 21, the second hydraulic motor 22
being configured to transmit the power to the right drive
wheel 3 of the right and left drive wheels 2, 3, a first pump
control unit 13 configured to control the discharge volume
and the discharge direction of the first hydraulic pump 11 in
accordance with first command pressures P1, P2 generated
in response to an operation of a worker, and a second pump
control unit 23 configured to control the discharge volume
and the discharge direction of the second hydraulic pump 21
in accordance with second command pressures P3, P4
generated in response to an operation of the worker.

[0014] The first hydraulic pump 11 and the second hydrau-
lic pump 21 are variable displacement swash-plate piston
pumps respectively having a pair of supply and discharge
ports 11A, 11B and a pair of supply and discharge ports 21A,
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21B. The first hydraulic pump 11 suctions the working oil
from one of the pair of supply and discharge ports 11A, 11B,
and discharges the working oil from the other port. The
second hydraulic pump 21 suctions the working oil from one
of the pair of supply and discharge ports 21A, 21B, and
discharges the working oil from the other port. That is, each
of the first hydraulic pump 11 and the second hydraulic
pump 21 has two discharge directions. A swash plate of each
of the first hydraulic pump 11 and the second hydraulic
pump 21 is provided to be inclined in the forward direction
and in the backward direction from a neutral position. Each
of the first hydraulic pump 11 and the second hydraulic
pump 21 discharges the working oil in the discharge direc-
tion by the discharge volume in accordance with an angle of
the swash plate. In other words, the discharge direction of
each of'the first hydraulic pump 11 and the second hydraulic
pump 21 is controlled in accordance with the swash plate
angle.

[0015] The first hydraulic motor 12 and the second
hydraulic motor 22 are respectively connected to the first
hydraulic pump 11 and the second hydraulic pump 21 by
closed circuits. A drive shaft 12A of the first hydraulic motor
12 is coupled to the left drive wheel 2. Driven by the
working oil supplied from the first hydraulic pump 11, the
first hydraulic motor 12 transmits the power of the engine 4
to the left drive wheel 2. A drive shaft 22A of the second
hydraulic motor 22 is coupled to the right drive wheel 3.
Driven by the working oil supplied from the second hydrau-
lic pump 21, the second hydraulic motor 22 transmits the
power of the engine 4 to the right drive wheel 3. In such a
way, the first hydraulic motor 12 and the second hydraulic
motor 22 respectively transmit the power of the engine 4 to
different drive wheels of the right and left drive wheels 2, 3.
[0016] The first pump control unit 13 and the second pump
control unit 23 are servo-regulators configured to change the
swash plate inclination angles of the first hydraulic pump 11
and the second hydraulic pump 21 in accordance with
inputted pressures. A first forward rotation port 13A and a
first backward rotation port 13B are provided in the first
pump control unit 13. A second forward rotation port 23A
and a second backward rotation port 23B are provided in the
second pump control unit 23.

[0017] In a case where the working oils are guided to the
first and second forward rotation ports 13A, 23A, the first
pump control unit 13 and the second pump control unit 23
respectively incline the swash plates of the first hydraulic
pump 11 and the second hydraulic pump 21 in the forward
direction in accordance with the pressures of the working
oils. Thereby, the discharge direction of each of the first
hydraulic pump 11 and the second hydraulic pump 21 is
controlled to be one of the two discharge directions.
[0018] In a case where the working oils are guided to the
first and second backward rotation ports 13B, 23B, the first
pump control unit 13 and the second pump control unit 23
respectively incline the swash plates of the first hydraulic
pump 11 and the second hydraulic pump 21 in the backward
direction in accordance with the pressures of the working
oils. Thereby, the discharge direction of each of the first
hydraulic pump 11 and the second hydraulic pump 21 is
controlled to be the other of the two discharge directions.
[0019] Insuch a way, the first pump control unit 13 and the
second pump control unit 23 respectively control the inclin-
ing directions of the swash plates of the first hydraulic pump
11 and the second hydraulic pump 21, that is, the discharge
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directions in accordance with the ports to which the working
oils are guided. The first pump control unit 13 and the
second pump control unit 23 respectively control the swash
plate inclination angles, that is, the discharge volumes of the
first hydraulic pump 11 and the second hydraulic pump 21
in accordance with the pressures of the working oils guided
to the ports.

[0020] As described above, in the hydraulic drive system
100, the first hydraulic pump 11, the first hydraulic motor 12,
and the first pump control unit 13 form one HST (herein-
after, referred to as the “first power transmission unit 10”).
Similarly, the second hydraulic pump 21, the second hydrau-
lic motor 22, and the second pump control unit 23 form one
HST (hereinafter, referred to as the “second power trans-
mission unit 20”). That is, the hydraulic drive system 100 is
a two-pump and two-motor type hydraulic drive system
including a pair of hydraulic pumps and a pair of oil pressure
motors, and the right and left drive wheels 2, 3 are respec-
tively independently controlled by the first power transmis-
sion unit 10 and the second power transmission unit 20.
[0021] The hydraulic drive system 100 further includes an
operation unit 30 configured to generate the first command
pressures P1, P2 and the second command pressures P3, P4
for respectively commanding the first pump control unit 13
and the second pump control unit 23 to control in accordance
with inputted operations, a signal pressure generating unit
40 configured to generate a signal pressure PS for adjusting
the first command pressures P1, P2 and the second command
pressures P3, P4 in accordance with the sum of discharge
pressures of the working oils discharged from the first
hydraulic pump 11 and the second hydraulic pump 21, a first
pressure adjusting unit 50 configured to adjust the first
command pressures P1, P2 for commanding the first pump
control unit 13 to control in accordance with the signal
pressure PS generated by the signal pressure generating unit
40, and a second pressure adjusting unit 60 configured to
adjust the second command pressures P3, P4 for command-
ing the second pump control unit 23 to control in accordance
with the signal pressure PS generated by the signal pressure
generating unit 40.

[0022] The operation unit 30 has a joystick 31 provided
for example in a driver’s seat to be operated by the worker.
The operation unit 30 generates and outputs the two first
command pressures P1, P2 in two lines for controlling the
left drive wheel 2 and the two second command pressures
P3, P4 in two lines for controlling the right drive wheel 3 in
accordance with an operation input of the worker such as
straight-forward movement and turning inputted from the
joystick 31. The operation unit 30 is not limited to the
joystick 31 but the operation input may be made from for
example a handle or the like.

[0023] The signal pressure generating unit 40 has a first
discharge pressure selecting valve 41 provided between the
first hydraulic pump 11 and the first hydraulic motor 12, the
first discharge pressure selecting valve being configured to
select a higher one from the working oil supplied to and
discharged from the first hydraulic pump 11, a second
discharge pressure selecting valve 42 provided between the
second hydraulic pump 21 and the second hydraulic motor
22, the second discharge pressure selecting valve being
configured to select a higher one from the working oil
supplied to and discharged from the second hydraulic pump
21, a pilot pump 43 to be driven by the power of the engine
4 transmitted via the drive shaft 1, the pilot pump being
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configured to suction the working oil from a tank (not
shown) and to generate a signal source pressure PP, and a
signal pressure adjusting valve 44 configured to adjust the
signal source pressure PP in accordance with the sum of the
discharge pressures of the working oils respectively dis-
charged from the first hydraulic pump 11 and the second
hydraulic pump 21 and to generate the signal pressure PS.
[0024] The first discharge pressure selecting valve 41 and
the second discharge pressure selecting valve 42 are shuttle
valves to which the supplied/discharged working oils are
respectively guided from the first hydraulic pump 11 and the
second hydraulic pump 21. Each of the shuttle valves is
configured to select the high-pressure-side working oil of the
guided supplied/discharged working oils. Parts of the high-
pressure-side working oils selected by the first discharge
pressure selecting valve 41 and the second discharge pres-
sure selecting valve 42, that is, parts of the working oils
discharged from the first hydraulic pump 11 and the second
hydraulic pump 21 are respectively guided to the signal
pressure adjusting valve 44 as pilot pressures.

[0025] The signal pressure adjusting valve 44 is a pressure
reduction valve that reduces and adjusts the pressure of the
passing working oil in accordance with an opening degree of
a main valve (not shown). The signal pressure adjusting
valve 44 has a pair of pilot ports 44A, 44B to which the
discharge pressure of the first hydraulic pump 11 and the
discharge pressure of the second hydraulic pump 21 are
respectively guided, and a return spring 44C configured to
bias the main valve in the direction in which the opening
degree is decreased.

[0026] In the signal pressure adjusting valve 44, by bal-
ance between the sum of the discharge pressure of the first
hydraulic pump 11 and the discharge pressure of the second
hydraulic pump 21 respectively guided from the pair of pilot
ports 44 A, 44B and bias force of the return spring 44C, the
opening degree of the main valve is changed and the
pressure reduction ratio is set. When the sum of the dis-
charge pressures of the first hydraulic pump 11 and the
second hydraulic pump 21 is increased, the main valve is
moved by the discharge pressure, the opening degree is
increased, and the pressure reduction ratio of the signal
pressure adjusting valve 44 is decreased. Meanwhile, when
the sum of the discharge pressures of the first hydraulic
pump 11 and the second hydraulic pump 21 is decreased, the
main valve is moved by the return spring 44C, the opening
degree is decreased, and the pressure reduction ratio of the
signal pressure adjusting valve 44 is increased. In such a
way, the signal pressure adjusting valve 44 sets the pressure
reduction ratio to reduce the pressure of the passing working
oil in accordance with the sum of the discharge pressures of
the first hydraulic pump 11 and the second hydraulic pump
21. The working oil not guided to the signal pressure
adjusting valve 44 is circulated to the tank through a return
passage 45.

[0027] The signal source pressure PP outputted from the
pilot pump 43 is guided to the signal pressure adjusting
valve 44. The signal pressure adjusting valve 44 reduces the
signal source pressure PP by the pressure reduction ratio set
in accordance with the sum of the discharge pressures of the
first hydraulic pump 11 and the second hydraulic pump 21,
thereby generating the signal pressure PS.

[0028] The first pressure adjusting unit 50 has a first
command pressure selecting valve 51 serving as a first
higher pressure selecting valve configured to select higher
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one from the two first command pressures P1, P2 for
commanding control of the left drive wheel 2, and a first
command pressure adjusting valve 52 configured to adjust
the higher first command pressure P1, P2 selected by the first
command pressure selecting valve 51 and to guide the
higher first command pressure to the first pump control unit
13. The first command pressure selecting valve 51 is a
shuttle valve that guides the higher one of the first command
pressures P1, P2 guided to the two input ports to an output
port.

[0029] The first command pressure adjusting valve 52 is a
pressure reduction valve that reduces the pressure of the
passing working oil. The signal pressure PS generated by the
signal pressure adjusting valve 44 is guided to the first
command pressure adjusting valve 52 as a pilot pressure to
set the pressure reduction ratio of the first command pressure
adjusting valve 52. The first command pressure adjusting
valve 52 adjusts the first command pressure P1 or the first
command pressure P2 by the pressure reduction ratio set in
accordance with the signal pressure PS. Hereinafter, the first
command pressure P1 or the first command pressure P2
adjusted by the first command pressure adjusting valve 52
will be called as the “control pressure P5”. By guiding the
control pressure P5 adjusted by the first command pressure
adjusting valve 52 through a first switching valve 53 to be
described later, the first pump control unit 13 changes the
swash plate angle of the first hydraulic pump 11 and controls
the discharge volume and the discharge direction.

[0030] The second pressure adjusting unit 60 has a second
command pressure selecting valve 61 serving as a second
higher pressure selecting valve configured to select higher
one from the two second command pressures P3, P4 for
commanding control of the right drive wheel 3, and a second
command pressure adjusting valve 62 configured to adjust
the higher second command pressure P3, P4 selected by the
second command pressure selecting valve 61 and to guide
the higher second command pressure to the second pump
control unit 23. The second command pressure selecting
valve 61 is a shuttle valve that guides the higher one of the
second command pressures P3, P4 guided to the two input
ports to an output port.

[0031] The second command pressure adjusting valve 62
is a pressure reduction valve that reduces the pressure of the
passing working oil. The signal pressure PS generated by the
signal pressure adjusting valve 44 is guided to the second
command pressure adjusting valve 62 as a pilot pressure to
set the pressure reduction ratio of the second command
pressure adjusting valve 62. The second command pressure
adjusting valve 62 adjusts the second command pressure P3
or the second command pressure P4 by the pressure reduc-
tion ratio set in accordance with the signal pressure PS.
Hereinafter, the second command pressure P3 or the second
command pressure P4 adjusted by the second command
pressure adjusting valve 62 will be called as the “control
pressure P6”. By guiding the control pressure P6 adjusted by
the second command pressure adjusting valve 62 through a
second switching valve 63 to be described later, the second
pump control unit 23 changes the swash plate angle of the
second hydraulic pump 21 and controls the discharge vol-
ume and the discharge direction.

[0032] The first switching valve 53 to be actuated by a
pressure difference between the two first command pressures
P1, P2 is provided between the first command pressure
adjusting valve 52 and the first pump control unit 13. The
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second switching valve 63 to be actuated by a pressure
difference between the two second command pressures P3,
P4 is provided between the second command pressure
adjusting valve 62 and the second pump control unit 23. The
control pressure P5 and the control pressure P6 adjusted by
the first command pressure adjusting valve 52 and the
second command pressure adjusting valve 62 are respec-
tively guided to the first pump control unit 13 and the second
pump control unit 23 via the first switching valve 53 and the
second switching valve 63.

[0033] The first switching valve 53 has a first position 53A
at which the control pressure P5 is guided to the first forward
rotation port 13A of the first pump control unit 13 and the
first backward rotation port 13B is blocked, and a second
position 53B at which the first forward rotation port 13A of
the first pump control unit 13 is blocked and the control
pressure P5 is guided to the first backward rotation port 13B.
The control pressure P5 adjusted by the first pressure
adjusting unit 50 is selectively guided to the first forward
rotation port 13A or the first backward rotation port 13B of
the first pump control unit 13 by switching of the first
switching valve 53.

[0034] As well as the first switching valve 53, the second
switching valve 63 has a first position 63A at which the
control pressure P6 is guided to the second forward rotation
port 23A of the second pump control unit 23 and the second
backward rotation port 23B is blocked, and a second posi-
tion 63B at which the second forward rotation port 23A of
the second pump control unit 23 is blocked and the control
pressure P6 is guided to the second backward rotation port
23B. The control pressure P6 adjusted by the second pres-
sure adjusting unit 60 is selectively guided to the second
forward rotation port 23A or the second backward rotation
port 23B of the second pump control unit 23 by switching of
the second switching valve 63.

[0035] The two first command pressures P1, P2 and the
two second command pressures P3, P4 are respectively
guided to the first switching valve 53 and the second
switching valve 63 as the pilot pressures for switching the
positions. The first switching valve 53 and the second
switching valve 63 determine whether the first pump control
unit 13 and the second pump control unit 23 move the swash
plates of the first hydraulic pump 11 and the second hydrau-
lic pump 21 in the forward direction or in the backward
direction by the pressure difference between the first com-
mand pressures P1, P2 guided to the first switching valve 53
as the pilot pressures and by the pressure difference between
the second command pressures P3, P4 guided to the second
switching valve 63 as the pilot pressures.

[0036] Next, operations of the hydraulic drive system 100
will be described.

[0037] In a working vehicle in which the hydraulic drive
system 100 is mounted, the rotation number of the engine 4
is controlled in accordance with the stepping quantity of an
accelerator pedal (not shown), and a traveling state is
controlled by an operation of the joystick 31 of the operation
unit 30. In the working vehicle, the rotating direction and the
rotation velocity ratio of the right and left drive wheels 2, 3
are controlled in accordance with the inclining direction
(operating direction) of the joystick 31, and traveling opera-
tions such as straight-forward movement, backward move-
ment, and turning are controlled.

[0038] When the worker operates the joystick 31, the two
first command pressures P1, P2 for controlling the left drive
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wheel 2 and the two second command pressures P3, P4 for
controlling the right drive wheel 3 are respectively generated
in accordance with the operation input and outputted. By
respectively independently controlling the transmission gear
ratio of the power of the engine 4 transmitted to the right and
left drive wheels 2, 3 in accordance with the first command
pressures P1, P2 and the second command pressures P3, P4,
the traveling state of the vehicle can be controlled. For
example, by rotating the right and left drive wheels 2, 3 in
the same direction by the same rotation number, the vehicle
moves forward or backward. By rotating the right and left
drive wheels 2, 3 in the same direction by the different
rotation numbers, the vehicle turns. By changing the rotation
numbers of the right and left drive wheels 2, 3, the velocity
of the forward movement and the backward movement, the
turning velocity, and a turning radius can be controlled.
[0039] Specifically, in a case where the vehicle is moved
forward, the first command pressures P1, P2 and the second
command pressures P3, P4 are outputted from the joystick
31 in such a manner that the right and left drive wheels 2,
3 are rotated in the forward direction at the same rotation
velocity, that is, the rotation velocity ratio of the right and
left drive wheels 2, 3 becomes 1:1. In a case where the
vehicle is turned leftward while being moved forward, the
first command pressures P1, P2 and the second command
pressures P3, P4 are outputted from the joystick 31 in such
a manner that the rotation velocity in the forward direction
of the left drive wheel 2 becomes smaller than the rotation
velocity in the forward direction of the right drive wheel 3.
By outputting the first command pressures P1, P2 and the
second command pressures P3, P4 in such a manner that the
right and left drive wheels 2, 3 are rotated in the opposite
directions to each other, the vehicle can be turned on its own
axis.

[0040] In the hydraulic drive system 100, the first power
transmission unit 10 and the second power transmission unit
20 include the same configurations, and the first pressure
adjusting unit 50 and the second pressure adjusting unit 60
include the same configurations. Operations of the first
power transmission unit 10 and the first pressure adjusting
unit 50 and operations of the second power transmission unit
20 and the second pressure adjusting unit 60 are the same
except that the drive wheels to be controlled are different.
Therefore, hereinafter, the first power transmission unit 10
and the first pressure adjusting unit 50 that control the left
drive wheel 2 will be mainly and specifically described.
Description of the second power transmission unit 20 and
the second pressure adjusting unit 60 will be omitted.
[0041] The higher pressure of the two first command
pressures P1, P2 outputted from the operation unit 30 for
commanding the control of the left drive wheel 2 is selected
by the first command pressure selecting valve 51, and the
higher command pressure of the first command pressures
P1, P2 is inputted to the first command pressure adjusting
valve 52.

[0042] The higher pressure of the first command pressures
P1, P2 inputted to the first command pressure adjusting
valve 52 is reduced in accordance with the pressure reduc-
tion ratio of the first command pressure adjusting valve 52,
and adjusted to be the control pressure P5. The control
pressure P5 adjusted by the first command pressure adjust-
ing valve 52 is selectively guided to the first forward rotation
port 13A or the first backward rotation port 13B of the first
pump control unit 13 in accordance with the position of the
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first switching valve 53 set in accordance with the pressure
difference between the two first command pressures P1, P2.
[0043] Specifically speaking, for example, when the first
command pressure P1 is the higher pressure of the two first
command pressures P1, P2 caused by the operation input of
the operation unit 30 by the worker, the first command
pressure P1 is selected by the first command pressure
selecting valve 51 and guided to the first command pressure
adjusting valve 52. The first switching valve 53 is switched
to the first position 53A by the higher first command
pressure P1. The first command pressure P1 is reduced by
the pressure reduction ratio of the first command pressure
adjusting valve 52 and adjusted to be the control pressure
P5. The control pressure P5 is guided to the first forward
rotation port 13A of the first pump control unit 13 through
the first switching valve 53. That is, the first command
pressure P1 is a first forward rotation command pressure to
switch the first switching valve 53 in such a manner that the
control pressure P5 is inputted to the first forward rotation
port 13A provided in the first pump control unit 13.
[0044] In this case, the first pump control unit 13 moves
the swash plate of the first hydraulic pump 11 by an
inclination angle in the forward direction in accordance with
the magnitude of the control pressure P5 guided to the first
forward rotation port 13A. Thereby, the first hydraulic pump
11 discharges the working oil from the supply and discharge
port 11A on one side. That is, the discharge direction of the
first hydraulic pump 11 is controlled to be one of the two
discharge directions. The first hydraulic pump 11 discharges
the working oil by an inclination angle amount of the swash
plate, that is, the discharge volume in accordance with the
magnitude of the control pressure P5.

[0045] Conversely, in a case where the first command
pressure P2 is the higher pressure of the two first command
pressures P1, P2, the first command pressure P2 is selected
by the first command pressure selecting valve 51 and guided
to the first command pressure adjusting valve 52. The first
switching valve 53 is switched to the second position 53B by
the higher first command pressure P2. The first command
pressure P2 is reduced by the pressure reduction ratio of the
first command pressure adjusting valve 52 and adjusted to be
the control pressure P5. The control pressure P5 is guided to
the first backward rotation port 13B of the first pump control
unit 13 through the first switching valve 53. That is, the first
command pressure P2 is a first backward rotation command
pressure to switch the first switching valve 53 in such a
manner that the control pressure P5 is inputted to the first
backward rotation port 13B provided in the first pump
control unit 13.

[0046] In this case, the first pump control unit 13 moves
the swash plate of the first hydraulic pump 11 by an
inclination angle in the backward direction in accordance
with the magnitude of the control pressure P5 guided to the
first backward rotation port 13B. Thereby, the first hydraulic
pump 11 discharges the working oil from the supply and
discharge port 11B on the other side. That is, the discharge
direction of the first hydraulic pump 11 is controlled to be
the other of the two discharge directions. The first hydraulic
pump 11 discharges the working oil by an inclination angle
amount of the swash plate, that is, the discharge volume in
accordance with the magnitude of the control pressure P5.
[0047] In such a way, in the first hydraulic pump 11 of the
hydraulic drive system 100, in a case where the first com-
mand pressure P1 is the higher pressure, the swash plate
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angle is controlled in the forward rotation direction in
accordance with the magnitude of the first command pres-
sure P1. In the first hydraulic pump 11, in a case where the
first command pressure P2 is the higher pressure, the swash
plate angle is controlled in the backward rotation direction
in accordance with the magnitude of the first command
pressure P2.

[0048] By controlling the first hydraulic pump 11 and
driving the first hydraulic motor 12 in accordance with the
working oil discharged from the first hydraulic pump 11 as
described above, the power of the engine 4 is transmitted to
the left drive wheel 2 coupled to the first hydraulic motor 12
in accordance with the magnitude of the first command
pressure P1 or the first command pressure P2 outputted from
the operation unit 30.

[0049] Similarly, in the second hydraulic pump 21 of the
hydraulic drive system 100, in a case where the second
command pressure P3 is the higher pressure, the swash plate
angle is controlled in the forward rotation direction in
accordance with the magnitude of the second command
pressure P3. In the second hydraulic pump 21, in a case
where the second command pressure P4 is the higher
pressure, the swash plate angle is controlled in the backward
rotation direction in accordance with the magnitude of the
second command pressure P4. That is, the second command
pressure P3 is a second forward rotation command pressure,
and the second command pressure P4 is a second backward
rotation command pressure.

[0050] By controlling the second hydraulic pump 21 in
such a way and driving the second hydraulic motor 22 in
accordance with the working oil discharged from the second
hydraulic pump 21, the power of the engine 4 is transmitted
to the right drive wheel 3 coupled to the second hydraulic
motor 22 in accordance with the magnitude of the second
command pressure P3 or the second command pressure P4
outputted from the operation unit 30.

[0051] In the hydraulic drive system 100, only one of the
first command pressure P1 and the first command pressure
P2 for commanding the control by the first pump control unit
13 may be selectively outputted from the operation unit 30.
In other words, any one pressure of the first command
pressure P1 and the first command pressure P2 may be
outputted from the operation unit 30 as zero. Similarly, any
one pressure of the second command pressure P3 and the
second command pressure P4 for commanding the control
by the second pump control unit 23 may be outputted from
the operation unit 30 as zero. In such a case, the hydraulic
drive system 100 is also operated similarly to the above
operations. How the operation unit 30 generates the com-
mand pressure is set arbitrarily in accordance with the
operation input.

[0052] Next, operations of the signal pressure generating
unit 40 of the hydraulic drive system 100 will be described.

[0053] The discharge pressure of the working oil dis-
charged from the first hydraulic pump 11 by the first
discharge pressure selecting valve 41 and the discharge
pressure of the working oil discharged from the second
hydraulic pump 21 by the second discharge pressure select-
ing valve 42 are guided to the signal pressure adjusting valve
44 as the pilot pressures. In the signal pressure adjusting
valve 44, the pressure reduction ratio is set in accordance
with the sum of the discharge pressures of the first hydraulic
pump 11 and the second hydraulic pump 21.
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[0054] The signal source pressure PP discharged from the
pilot pump 43 is guided to the signal pressure adjusting
valve 44 as an input pressure. By reducing and adjusting the
signal source pressure PP in accordance with the pressure
reduction ratio set in accordance with the sum of the
discharge pressures of the first hydraulic pump 11 and the
second hydraulic pump 21, the signal pressure PS is gener-
ated.

[0055] The signal pressure PS generated by the signal
pressure adjusting valve 44 is respectively guided as the
pilot pressure to set the pressure reduction ratios of the first
command pressure adjusting valve 52 and the second com-
mand pressure adjusting valve 62. By the signal pressure PS
guided in such a way, the pressure reduction ratios of the first
command pressure adjusting valve 52 and the second com-
mand pressure adjusting valve 62 for respectively generating
the control pressure P5 and the control pressure P6 from the
first command pressures P1, P2 and the second command
pressures P3, P4 are set. That is, the control pressure P5 and
the control pressure P6 guided to the first pump control unit
13 and the second pump control unit 23 are adjusted in
accordance with the sum of the discharge pressures of the
first hydraulic pump 11 and the second hydraulic pump 21.
[0056] In a case where loads are applied to the right and
left drive wheels 2, 3 at the same time, the respective
discharge pressures of the first hydraulic pump 11 and the
second hydraulic pump 21 are boosted in accordance with
the loads. When the discharges pressures boosted in such a
way are guided to the signal pressure adjusting valve 44, the
pressure reduction ratio of the signal pressure adjusting
valve 44 is set in accordance with the sum of the boosted
discharge pressures. That is, by boosting of the discharge
pressures by the loads, the pressure reduction ratio of the
signal pressure adjusting valve 44 is lowered, and the signal
pressure PS guided to the first command pressure adjusting
valve 52 and the second command pressure adjusting valve
62 is increased. Therefore, the pressure reduction ratios of
the first command pressure adjusting valve 52 and the
second command pressure adjusting valve 62 are increased,
and the magnitude of the control pressure P5 and the control
pressure P6 adjusted by the first command pressure adjust-
ing valve 52 and the second command pressure adjusting
valve 62 is reduced.

[0057] By guiding the control pressure P5 and the control
pressure P6 lowered by the loads applied to the right and left
drive wheels 2, 3, the first pump control unit 13 and the
second pump control unit 23 respectively control the first
hydraulic pump 11 and the second hydraulic pump 21 such
that the respective swash plate angles are reduced and the
discharge volumes are decreased. By decreasing the respec-
tive discharge volumes of the first hydraulic pump 11 and the
second hydraulic pump 21, the loads applied to the first
hydraulic pump 11 and the second hydraulic pump 21 are
suppressed. In such a way, in the hydraulic drive system 100,
by suppressing the loads applied to the first hydraulic pump
11 and the second hydraulic pump 21, output control of
suppressing a load of the engine 4 can be performed.
[0058] In order to facilitate understanding of the hydraulic
drive system 100, a hydraulic drive system 300 serving as a
comparative example will be described with reference to
FIG. 3.

[0059] As shown in FIG. 3, the hydraulic drive system 300
is different from the hydraulic drive system 100 in a point
where a first power transmission unit 10, a second power
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transmission unit 20, and an operation unit 30 are provided
but a first pressure adjusting unit 50, a second pressure
adjusting unit 60, a signal pressure adjusting valve 44, and
a pilot valve 43 are not provided.

[0060] In a first pump control unit 13 and a second pump
control unit 23 of the hydraulic drive system 300, pressure
reduction ratios are set in accordance with respective dis-
charge pressures of a first hydraulic pump 11 and a second
hydraulic pump 21.

[0061] In the hydraulic drive system 300, when a load is
applied only to the left drive wheel 2, only the discharge
pressure of the first hydraulic pump 11 is boosted and the
discharge pressure of the second hydraulic pump 21 is not
changed.

[0062] In this case, the discharge pressure of the first
hydraulic pump 11 boosted in accordance with the load is
guided to the first pump control unit 13. Thus, the first pump
control unit 13 controls a swash plate angle of the first
hydraulic pump 11 and decreases the discharge volume.
Thereby, a flow rate of a working oil guided to a first
hydraulic motor 12 is decreased. Thus, the rotation velocity
of the left drive wheel 2 is decreased.

[0063] In the second hydraulic pump 21, there is no
boosting of the discharge pressure by the load of the left
drive wheel 2. Thus, the second pump control unit 23 does
not control the discharge volume of the second hydraulic
pump 21. That is, the rotation velocity of the right drive
wheel 3 is maintained.

[0064] In such a way, in the hydraulic drive system 300,
when the load is applied to one of the right and left drive
wheels 2, 3, the discharge volume of only one of the first
hydraulic pump 11 and the second hydraulic pump 21 is
controlled, and the rotation velocity of one of the right and
left drive wheels 2, 3 is decreased. Therefore, in the hydrau-
lic drive system 300, there is a fear that even when the
operation input by the worker is not changed, the rotation
velocity ratio of the right and left drive wheels 2, 3 may be
changed and a non-intentional operation of the vehicle, such
as turning, may be generated.

[0065] Meanwhile, in the hydraulic drive system 100, in a
case where the load is applied only to one of the right and
left drive wheels 2, 3, for example, to the left drive wheel 2,
only the discharge pressure of the first hydraulic pump 11 is
boosted and the discharge pressure of the second hydraulic
pump 21 is not changed as well as the hydraulic drive system
300. Even in this case, the pressure reduction ratio of the
signal pressure adjusting valve 44 is set by the sum of the
discharge pressures of the first hydraulic pump 11 and the
second hydraulic pump 21. Thus, the signal pressure PS is
adjusted in accordance with the load by the signal pressure
adjusting valve 44. Since the signal pressure PS adjusted in
accordance with the load is guided to the first command
pressure adjusting valve 52 and the second command pres-
sure adjusting valve 62, the control pressures P5 and the
control pressure P6 respectively guided to the first pump
control unit 13 and the second pump control unit 23 are also
generated in accordance with the load. Therefore, the incli-
nation angles of both the first hydraulic pump 11 and the
second hydraulic pump 21 are adjusted in accordance with
the load of one of the drive wheels, and the discharge
volumes are decreased.

[0066] In such a way, in the hydraulic drive system 100,
even in a case where the load is applied only to one of the
right and left drive wheels 2, 3, the signal pressure PS is
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generated in accordance with the load applied to one of the
drive wheels, and the control pressure P5 and the control
pressure P6 are respectively adjusted in accordance with the
signal pressure PS. The control pressure P5 and the control
pressure P6 adjusted in such a way are respectively inputted
to the first pump control unit 13 and the second pump control
unit 23. By the first pump control unit 13 and the second
pump control unit 23, the discharge volumes of both the first
hydraulic pump 11 and the second hydraulic pump 21 are
respectively controlled in accordance with the load.
Thereby, even in a case where the load is applied only to one
of' the right and left drive wheels 2, 3, the discharge volumes
of both the first hydraulic pump 11 and the second hydraulic
pump 21 are decreased at the same rate, and the rotation
velocity ratio of the right and left drive wheels 2, 3 is
maintained. In such a way, in the hydraulic drive system
100, while maintaining the rotation velocity ratio of the right
and left drive wheels 2, 3, the discharge volumes of both the
first hydraulic pump 11 and the second hydraulic pump 21
are respectively decreased. Thus, output control of suppress-
ing the load of the engine 4 while maintaining the traveling
operation of the vehicle can be performed. In other words,
while maintaining the traveling operation of the vehicle in
accordance with the operation input of the worker, the output
control can be performed. Therefore, the load applied to the
engine 4 can be suppressed, and generation of a traveling
operation not intended by the worker can be prevented.

[0067] According to the above first embodiment, the fol-
lowing operations and effects are exerted.

[0068] In the hydraulic drive system 100, the first com-
mand pressures P1, P2 for commanding the first pump
control unit 13 to control are adjusted to be the control
pressure P5 by the signal pressure PS generated in accor-
dance with the sum of the discharge pressures of the working
oils respectively guided from the first hydraulic pump 11 and
the second hydraulic pump 21. Similarly, the second com-
mand pressures P3, P4 for commanding the second pump
control unit 23 to control are adjusted to be the control
pressure P6 by the signal pressure PS generated in accor-
dance with the sum of the discharge pressures of the working
oils respectively guided from the first hydraulic pump 11 and
the second hydraulic pump 21. When the loads are applied
to the right and left drive wheels 2, 3, the discharge pressures
of the first hydraulic pump 11 and the second hydraulic
pump 21 are increased. Thus, the signal pressure PS is
adjusted in accordance with the increased discharge pres-
sures by the signal pressure generating unit 40. In such a
way, the first command pressures P1, P2 and the second
command pressures P3, P4 for commanding the control by
the first pump control unit 13 and the second pump control
unit 23 are adjusted in accordance with the increased dis-
charge pressures. Thus, the loads applied to the first hydrau-
lic pump 11 and the second hydraulic pump 21 are sup-
pressed. Therefore, the load applied to the engine 4 can be
suppressed.

[0069] In the hydraulic drive system 100, even in a case
where the load is applied only to one of the right and left
drive wheels 2, 3, the control pressure P5 and the control
pressure P6 adjusted in accordance with the signal pressure
PS which is generated in accordance with the load are
respectively inputted to the first pump control unit 13 and the
second pump control unit 23. Therefore, even in a case
where the load is applied only to one of the right and left
drive wheels 2, 3, the discharge volumes of both the first
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hydraulic pump 11 and the second hydraulic pump 21 are
decreased at the same rate, and the rotation velocity ratio of
the right and left drive wheels 2, 3 is maintained. In such a
way, while maintaining the rotation velocity ratio of the right
and left drive wheels 2, 3, the discharge volumes of both the
first hydraulic pump 11 and the second hydraulic pump 21
are decreased. Thus, while maintaining the traveling action
of the vehicle, the output control of suppressing the load of
the engine 4 can be performed. Therefore, the load applied
to the engine 4 can be suppressed, and the generation of the
traveling operation not intended by the worker can be
prevented.

Second Embodiment

[0070] Next, the hydraulic drive system 200 according to
a second embodiment of the present invention will be
described. Hereinafter, points different from the above first
embodiment will mainly be described and the same con-
figurations as those of the hydraulic drive system 100 of the
above first embodiment will be given the same reference
signs and description thereof will be omitted.

[0071] In the first embodiment, the first pressure adjusting
unit 50 and the second pressure adjusting unit 60 include the
first command pressure selecting valve 51 and the second
command pressure selecting valve 61 configured to respec-
tively select the higher pressures from the first command
pressures P1, P2 and the second command pressures P3, P4
outputted from the operation unit 30. The higher command
pressures are selected by the first command pressure select-
ing valve 51 and the second command pressure selecting
valve 61, and the higher pressures of the first command
pressures P1, P2 and the second command pressures P3, P4
are respectively guided to the first command pressure adjust-
ing valve 52 and the second command pressure adjusting
valve 62.

[0072] Meanwhile, as shown in FIG. 2, a first pressure
adjusting unit 150 of the hydraulic drive system 200 has a
third command pressure adjusting valve 151 configured to
adjust a first command pressure P1 which is one of two first
command pressures P1, P2 in accordance with a signal
pressure PS, a fourth command pressure adjusting valve 152
configured to adjust the first command pressure P2 which is
the other of the two first command pressures P1, P2 in
accordance with the signal pressure PS, a first check valve
153 provided between the third command pressure adjusting
valve 151 and a first pump control unit 13, the first check
valve 153 being configured to guide a pressure only from the
third command pressure adjusting valve 151 to the first
pump control unit 13, and a second check valve 154 pro-
vided between the fourth command pressure adjusting valve
152 and the first pump control unit 13, the second check
valve 154 being configured to guide a pressure only from the
fourth command pressure adjusting valve 152 to the first
pump control unit 13. A second pressure adjusting unit 160
of the hydraulic drive system 200 has a fifth command
pressure adjusting valve 161 configured to adjust a second
command pressure P3 which is one of two second command
pressures P3, P4 in accordance with the signal pressure PS,
a sixth command pressure adjusting valve 162 configured to
adjust the second command pressure P4 which is the other
of the two second command pressures P3, P4 in accordance
with the signal pressure PS, a third check valve 163 provided
between the fitth command pressure adjusting valve 161 and
a second pump control unit 23, the third check valve 163
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being configured to guide a pressure only from the fifth
command pressure adjusting valve 161 to the second pump
control unit 23, and a fourth check valve 164 provided
between the sixth command pressure adjusting valve 162
and the second pump control unit 23, the fourth check valve
164 being configured to guide a pressure only from the sixth
command pressure adjusting valve 162 to the second pump
control unit 23. The hydraulic drive system 200 is different
from the hydraulic drive system 100 in such points.
[0073] In a case where a control pressure P8 adjusted by
the fourth command pressure adjusting valve 152 is larger
than a control pressure P7 adjusted by the third command
pressure adjusting valve 151, the first check valve 153 is
closed by the control pressure P8 to prevent guiding of the
control pressure P7 to the first pump control unit 13. In a
case where the control pressure P7 is larger than the control
pressure P8, the first check valve 153 is opened by the
control pressure P7 to allow the guiding of the control
pressure P7 to the first pump control unit 13. In such a way,
the first check valve 153 guides the pressure only from the
third command pressure adjusting valve 151 to the first
pump control unit 13.

[0074] In a case where the control pressure P7 is larger
than the control pressure P8, the second check valve 154 is
closed by the control pressure P7 to prevent guiding of the
control pressure P8 to the first pump control unit 13. In a
case where the control pressure P8 is larger than the control
pressure P7, the second check valve 154 is opened by the
control pressure P8 to allow the guiding of the control
pressure P8 to the first pump control unit 13. In such a way,
the second check valve 154 guides the pressure only from
the fourth command pressure adjusting valve 152 to the first
pump control unit 13.

[0075] In a case where a control pressure P10 adjusted by
the sixth command pressure adjusting valve 162 is larger
than a control pressure P9 adjusted by the fifth command
pressure adjusting valve 161, the third check valve 163 is
closed by the control pressure P10 to prevent guiding of the
control pressure P9 to the second pump control unit 23. In
a case where the control pressure P9 is larger than the control
pressure P10, the third check valve 163 is opened by the
control pressure P9 to allow the guiding of the control
pressure P9 to the second pump control unit 23. In such a
way, the third check valve 163 guides the pressure only from
the fifth command pressure adjusting valve 161 to the
second pump control unit 23.

[0076] In a case where the control pressure P9 is larger
than the control pressure P10, the fourth check valve 164 is
closed by the control pressure P9 to prevent guiding of the
control pressure P10 to the second pump control unit 23. In
a case where the control pressure P10 is larger than the
control pressure P9, the fourth check valve 164 is opened by
the control pressure P10 to allow the guiding of the control
pressure P10 to the second pump control unit 23. In such a
way, the fourth check valve 164 guides the pressure only
from the sixth command pressure adjusting valve 162 to the
second pump control unit 23.

[0077] In the hydraulic drive system 200, the signal pres-
sure PS generated by the signal pressure adjusting valve 44
is branched into four and respectively guided to the third
command pressure adjusting valve 151, the fourth command
pressure adjusting valve 152, the fifth command pressure
adjusting valve 161, and the sixth command pressure adjust-
ing valve 162 as a pilot pressure to set the pressure reduction
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ratios. The third command pressure adjusting valve 151, the
fourth command pressure adjusting valve 152, the fifth
command pressure adjusting valve 161, and the sixth com-
mand pressure adjusting valve 162 are respectively pressure
reduction valves similar to the first command pressure
adjusting valve 52 and the second command pressure adjust-
ing valve 62 of the hydraulic drive system 100.

[0078] The first command pressure P1, which is one of the
two first command pressure P1, P2 outputted from the
operation unit 30 for commanding control of the left drive
wheel 2, is guided to the third command pressure adjusting
valve 151 and also guided to a first switching valve 53 as a
pilot pressure. The first command pressure P2 which is the
other of the two first command pressure P1, P2, is guided to
the fourth command pressure adjusting valve 152 and also
guided to the first switching valve 53 as a pilot pressure. A
position of the first switching valve 53 is switched by a
pressure difference between the first command pressure P1
and the first command pressure P2.

[0079] The second command pressure P3, which is one of
the second command pressure P3, P4 outputted from the
operation unit 30 for commanding control of the right drive
wheel 3, is guided to the fifth command pressure adjusting
valve 161 and also guided to a second switching valve 63 as
a pilot pressure. The second command pressure P4, which is
the other of the second command pressure P3, P4, is guided
to the sixth command pressure adjusting valve 162 and also
guided to the second switching valve 63 as a pilot pressure.
A position of the second switching valve 63 is switched by
a pressure difference between the second command pressure
P3 and the second command pressure P4.

[0080] In the hydraulic drive system 200, the configura-
tions and the operations thereof are the same between the
first pressure adjusting unit 150 and the second pressure
adjusting unit 160. Therefore, hereinafter, the first pressure
adjusting unit 150 will be mainly and specifically described
and description of the second pressure adjusting unit 160
will be omitted.

[0081] In the hydraulic drive system 200, the first com-
mand pressure P1 is adjusted to be the control pressure P7
by the third command pressure adjusting valve 151 whose
pressure reduction ratio is set by the signal pressure PS.
Similarly, the command pressure P2 is adjusted to be the
control pressure P8 by the fourth command pressure adjust-
ing valve 152 whose pressure reduction ratio is set by the
signal pressure PS.

[0082] In a case where the control pressure P7 is larger
than the control pressure P8, the first check valve 153 is
opened by a pressure difference between the control pressure
P7 and the control pressure P8, and the second check valve
154 is closed. Therefore, the control pressure P7 is guided to
the first switching valve 53 as an input pressure. In a case
where the control pressure P7 is larger than the control
pressure P8, that is, in a case where the first command
pressure P1 is larger than the first command pressure P2, the
first switching valve 53 is switched to a first position 53A.
Therefore, the control pressure P7 is guided to a first forward
rotation port 13A of the first pump control unit 13.

[0083] In a case where the control pressure P8 is larger
than the control pressure P7, the second check valve 154 is
opened by the pressure difference between the control
pressure P7 and the control pressure P8, and the first check
valve 153 is closed. Therefore, the control pressure P8 is
guided to the first switching valve 53 as an input pressure.
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In a case where the control pressure P8 is larger than the
control pressure P7, that is, in a case where the first
command pressure P2 is larger than the first command
pressure P1, the first switching valve 53 is switched to a
second position 53B. Therefore, the control pressure P8 is
guided to a first backward rotation port 13B of the first pump
control unit 13.

[0084] In such a way, in the hydraulic drive system 200,
the higher pressure is selected from the control pressure P7
made by adjusting the first command pressure P1 by the
third command pressure adjusting valve 151 and the control
pressure P8 made by adjusting the first command pressure
P2 the fourth command pressure adjusting valve 152, and
the control pressure P7 or the control pressure P8 is guided
to the first pump control unit 13. Therefore, according to the
above second embodiment, the operations and the effects
similar to the above first embodiment are exerted.

[0085] Next, a modified example of the hydraulic drive
system 200 will be described.

[0086] In the hydraulic drive system 200, the first switch-
ing valve 53 is provided between the first pump control unit
13 and the first pressure adjusting unit 150, and the second
switching valve 63 is provided between the second pump
control unit 23 and the second pressure adjusting unit 160.
The first check valve 153 and the second check valve 154 are
respectively provided between the third command pressure
adjusting valve 151 and the first switching valve 53 and
between the fourth command pressure adjusting valve 152
and the first switching valve 53. The third check valve 163
and the fourth check valve 164 are respectively provided
between the fiftth command pressure adjusting valve 161 and
the second switching valve 63 and between the sixth com-
mand pressure adjusting valve 162 and the second switching
valve 63.

[0087] Instead of this, the hydraulic drive system 200 may
have no first switching valve 53, no first check valve 153,
and no second check valve 154. The hydraulic drive system
200 may also have no second switching valve 63, no third
check valve 163, and no fourth check valve 164. That is, the
control pressure P7 adjusted by the third command pressure
adjusting valve 151 may be directly guided to the first
forward rotation port 13A of the first pump control unit 13,
and the control pressure P8 adjusted by the fourth command
pressure adjusting valve 152 may be directly guided to the
first backward rotation port 13B of the first pump control
unit 13. In the hydraulic drive system 200, the control
pressure P9 adjusted by the fifth command pressure adjust-
ing valve 161 may be directly guided to the second forward
rotation port 23 A of the second pump control unit 23, and the
control pressure P10 adjusted by the sixth command pres-
sure adjusting valve 162 may be directly guided to the
second backward rotation port 23B of the second pump
control unit 23.

[0088] In this case, in a case where one of the command
pressure P1 and the command pressure P2 is outputted as
zero, the first pump control unit 13 controls the discharge
direction and the discharge volume of the first hydraulic
pump 11 in accordance with the magnitude of the control
pressure P7 or the control pressure P8. Similarly, in a case
where one of the command pressure P3 and the command
pressure P4 is outputted as zero, the second pump control
unit 23 controls the discharge direction and the discharge
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volume of the second hydraulic pump 21 in accordance with
the magnitude of the control pressure P9 or the control
pressure P10.

[0089] In a case where both the command pressure P1 and
the command pressure P2 are outputted as pressures lager
than zero, the first pump control unit 13 controls the dis-
charge direction and the discharge volume of the first
hydraulic pump 11 in accordance with the pressure differ-
ence between the control pressure P7 and the control pres-
sure P8. Similarly, in a case where both the command
pressure P3 and the command pressure P4 are outputted as
pressures lager than zero, the second pump control unit 23
controls the discharge direction and the discharge volume of
the second hydraulic pump 21 in accordance with the
pressure difference between the control pressure P9 and the
control pressure P10.

[0090] Even in such a case, the effects similar to the above
second embodiment are exerted.

[0091] Hereinafter, the configurations, the operations, and
the effects about the embodiments will be described.

[0092] The hydraulic drive system 100, 200 includes the
first hydraulic pump 11 and the second hydraulic pump 21
to be driven by the power of the engine 4, the hydraulic
pumps being capable of changing the discharge volumes and
the discharge directions of the working oils, the first hydrau-
lic motor 12 to be driven by the working oil discharged from
the first hydraulic pump 11, the first hydraulic motor being
configured to transmit the power to the left drive wheel 2 of
the right and left drive wheels 2, 3, the second hydraulic
motor 22 to be driven by the working oil discharged from the
second hydraulic pump 21, the second hydraulic motor
being configured to transmit the power to the right drive
wheel 3 of the right and left drive wheels 2, 3, the first pump
control unit 13 configured to control the discharge volume
and the discharge direction of the first hydraulic pump 11 in
accordance with the first command pressures P1, P2 gener-
ated in accordance with the operation of the worker, the
second pump control unit 23 configured to control the
discharge volume and the discharge direction of the second
hydraulic pump 21 in accordance with the second command
pressures P3, P4 generated in accordance with the operation
of the worker, the signal pressure generating unit 40 con-
figured to generate the signal pressure PS for adjusting the
first command pressures P1, P2 and the second command
pressures P3, P4 in accordance with the sum of the discharge
pressures of the working oils respectively discharged from
the first hydraulic pump 11 and the second hydraulic pump
21, the first pressure adjusting unit 50, 150 configured to
adjust the first command pressures P1, P2 in accordance
with the signal pressure PS generated by the signal pressure
generating unit 40, and the second pressure adjusting unit
60, 160 configured to adjust the second command pressures
P3, P4 in accordance with the signal pressure PS generated
by the signal pressure generating unit 40.

[0093] In the hydraulic drive system 100, 200, the first
command pressures P1, P2 and the second command pres-
sures P3, P4 for commanding the first pump control unit 13
and the second pump control unit 23 to control are adjusted
by the signal pressure PS generated in accordance with the
sum of the discharge pressures of the working oils respec-
tively guided from the first hydraulic pump 11 and the
second hydraulic pump 21. When the loads are added to the
right and left drive wheels 2, 3, the discharge pressures of the
first hydraulic pump 11 and the second hydraulic pump 21
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are increased. Thus, the signal pressure PS is generated in
accordance with the increased discharge pressures by the
signal pressure generating unit 40. In such a way, the first
command pressures P1, P2 and the second command pres-
sures P3, P4 for commanding the control by the first pump
control unit 13 and the second pump control unit 23 are
adjusted in accordance with the increased discharge pres-
sures. Thus, the loads applied to the first hydraulic pump 11
and the second hydraulic pump 21 are suppressed.

[0094] Therefore, according to the hydraulic drive system
100, 200, the load applied to the engine 4 can be suppressed.

[0095] In the hydraulic drive system 100, the two first
command pressures P1, P2 are allowed to be inputted to the
first pressure adjusting unit 50 in two lines, the two second
command pressures P3, P4 are allowed to be inputted to the
second pressure adjusting unit 60 in two lines, the first
pressure adjusting unit 50 has the first command pressure
selecting valve 51 configured to select the higher one from
the two inputted first command pressures P1, P2, and the
first command pressure adjusting valve 52 configured to
adjust the higher first command pressure P1 or the higher
first command pressure P2 selected by the first command
pressure selecting valve 51 in accordance with the signal
pressure PS and to guide the adjusted higher first command
pressure to the first pump control unit 13, and the second
pressure adjusting unit 60 has the second command pressure
selecting valve 61 configured to select the higher one from
the two inputted second command pressures P3, P4, and the
second command pressure adjusting valve 62 configured to
adjust the higher second command pressure P3 or the higher
second command pressure P4 selected by the second com-
mand pressure selecting valve 61 in accordance with the
signal pressure PS and to guide the adjusted higher second
command pressure to the second pump control unit 23.

[0096] In the hydraulic drive system 100, the first com-
mand pressures P1, P2 and the second command pressures
P3, P4 for commanding the first pump control unit 13 and
the second pump control unit 23 to control are respectively
guided to the first command pressure adjusting valve 52 and
the second command pressure adjusting valve 62 by select-
ing the higher pressures from the two first command pres-
sures P1, P2 and the two second command pressures P3, P4
by the first command pressure selecting valve 51 and the
second command pressure selecting valve 61. The first
command pressures P1, P2 and the second command pres-
sures P3, P4 guided to the first command pressure adjusting
valve 52 and the second command pressure adjusting valve
62 are adjusted by the signal pressure PS generated in
accordance with the sum of the discharge pressures of the
working oils respectively guided from the first hydraulic
pump 11 and the second hydraulic pump 21. When the loads
are added to the right and left drive wheels 2, 3, the loads are
added to the first hydraulic pump 11 and the second hydrau-
lic pump 21 and the discharge pressures are increased. Thus,
the signal pressure PS is generated in accordance with the
increased discharge pressures by the signal pressure adjust-
ing valve 44. Therefore, the first command pressures P1, P2
and the second command pressures P3, P4 for commanding
the control by the first pump control unit 13 and the second
pump control unit 23 are adjusted in accordance with the
increased discharge pressures. Thus, the loads applied to the
first hydraulic pump 11 and the second hydraulic pump 21
are suppressed.
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[0097] Therefore, according to the hydraulic drive system
100, the load applied to the engine 4 can be suppressed.

[0098] In the hydraulic drive system 200, the two first
command pressures P1, P2 are allowed to be inputted to the
first pressure adjusting unit 150, the two second command
pressures P3, P4 are allowed to be inputted to the second
pressure adjusting unit 160, the first pressure adjusting unit
150 has the third command pressure adjusting valve 151
configured to adjust one of the two first command pressures
P1, P2 in accordance with the signal pressure PS, the fourth
command pressure adjusting valve 152 configured to adjust
the other of the two first command pressures P1, P2 in
accordance with the signal pressure PS, the first check valve
153 provided between the third command pressure adjusting
valve 151 and the first pump control unit 13, the first check
valve being configured to guide the pressure only from the
third command pressure adjusting valve 151 to the first
pump control unit 13, and the second check valve 154
provided between the fourth command pressure adjusting
valve 152 and the first pump control unit 13, the second
check valve being configured to guide the pressure only
from the fourth command pressure adjusting valve 152 to
the first pump control unit 13, and the second pressure
adjusting unit 160 has the fifth command pressure adjusting
valve 161 configured to adjust one of the two second
command pressures P3, P4 in accordance with the signal
pressure PS, the sixth command pressure adjusting valve
162 configured to adjust the other of the two second com-
mand pressures P3, P4 in accordance with the signal pres-
sure PS, the third check valve 163 provided between the fifth
command pressure adjusting valve 161 and the second pump
control unit 23, the third check valve being configured to
guide the pressure only from the fifth command pressure
adjusting valve 161 to the second pump control unit 23, and
the fourth check valve 164 provided between the sixth
command pressure adjusting valve 162 and the second pump
control unit 23, the fourth check valve being configured to
guide the pressure only from the sixth command pressure
adjusting valve 162 to the second pump control unit 23.

[0099] In the hydraulic drive system 200, the first com-
mand pressures P1, P2 for commanding the first pump
control unit 13 to control are respectively guided to the third
command pressure adjusting valve 151 and the fourth com-
mand pressure adjusting valve 152, and the second com-
mand pressures P3, P4 for commanding the second pump
control unit 23 to control are respectively guided to the fifth
command pressure adjusting valve 161 and the sixth com-
mand pressure adjusting valve 162. The first command
pressures P1, P2 and the second command pressures P3, P4
guided to the third command pressure adjusting valve 151,
the fourth command pressure adjusting valve 152, the fifth
command pressure adjusting valve 161, and the sixth com-
mand pressure adjusting valve 162 are adjusted by the signal
pressure PS generated in accordance with the sum of the
discharge pressures of the first hydraulic pump 11 and the
second hydraulic pump 21. The higher command pressure of
the control pressure P7 and the control pressure P8 respec-
tively adjusted by the third command pressure adjusting
valve 151 and the fourth command pressure adjusting valve
152 is guided to the first pump control unit 13 by the first
check valve 153 or the second check valve 154. The higher
command pressure of the control pressure P9 and the control
pressure P10 respectively adjusted by the fifth command
pressure adjusting valve 161 and the sixth command pres-
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sure adjusting valve 162 is guided to the second pump
control unit 23 by the third check valve 163 or the fourth
check valve 164. When the loads are added to the right and
left drive wheels 2, 3, the loads are added to the first
hydraulic pump 11 and the second hydraulic pump 21 and
the discharge pressures are increased. Thus, the signal
pressure PS is generated in accordance with the increased
discharge pressures by the signal pressure adjusting valve
44. Therefore, the first command pressures P1, P2 and the
second command pressures P3, P4 for commanding the
control by the first pump control unit 13 and the second
pump control unit 23 are adjusted in accordance with the
increased discharge pressures. Thus, the loads applied to the
first hydraulic pump 11 and the second hydraulic pump 21
are suppressed.

[0100] Therefore, according to the hydraulic drive system
200, the load applied to the engine 4 can be suppressed.

[0101] In the hydraulic drive system 100, 200, the first
pump control unit 13 has the first forward rotation port 13A
configured to control the discharge direction of the first
hydraulic pump 11 to one discharge direction upon input of
the pressure, and the first backward rotation port 13B
configured to control the discharge direction of the first
hydraulic pump 11 to the other discharge direction upon
input of the pressure, the second pump control unit 23 has
the second forward rotation port 23 A configured to control
the discharge direction of the second hydraulic pump 21 to
one discharge direction upon input of the pressure, and the
second backward rotation port 23B configured to control the
discharge direction of the second hydraulic pump 21 to the
other discharge direction upon input of the pressure, the first
switching valve 53 configured to selectively switch between
guiding of the pressure to the first forward rotation port 13A
of the first pump control unit 13 and guiding of the pressure
to the first backward rotation port 13B of the first pump
control unit 13 is provided between the first pump control
unit 13 and the first pressure adjusting unit 50, 150, the
second switching valve 63 configured to selectively switch
between guiding of the pressure to the second forward
rotation port 23A of the second pump control unit 23 and
guiding of the pressure to the second backward rotation port
23B of the second pump control unit 23 is provided between
the second pump control unit 23 and the second pressure
adjusting unit 60, 160, one of the two first command
pressures P1, P2 is the first forward rotation command
pressure to switch the first switching valve 53 in such a
manner that the pressure is inputted to the first forward
rotation port 13A of the first pump control unit 13, and the
other is the first backward rotation command pressure to
switch the first switching valve 53 in such a manner that the
pressure is inputted to the first backward rotation port 13B
of the first pump control unit 13, and one of the two second
command pressures P3, P4 is the second forward rotation
command pressure to switch the second switching valve 63
in such a manner that the pressure is inputted to the second
forward rotation port 23A of the second pump control unit
23, and the other is the second backward rotation command
pressure to switch the second switching valve 63 in such a
manner that the pressure is inputted to the second backward
rotation port 23B of the second pump control unit 23.

[0102] In the hydraulic drive system 100, 200, the first
command pressures P1, P2 and the second command pres-
sures P3, P4 for commanding the first pump control unit 13
and the second pump control unit 23 to control are adjusted
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by the signal pressure PS generated in accordance with the
sum of the discharge pressures of the first hydraulic pump 11
and the second hydraulic pump 21. The adjusted first com-
mand pressures P1, P2 and the adjusted second command
pressures P3, P4 are respectively guided to the first and
second forward rotation ports 13A, 23A or the first and
second backward rotation ports 13B, 23B of the first pump
control unit 13 and the second pump control unit 23 through
the first switching valve 53 and the second switching valve
63. The first switching valve 53 is actuated by the first
forward rotation command pressure and the first backward
rotation command pressure, and the second switching valve
63 is actuated by the second forward rotation command
pressure and the second backward rotation command pres-
sure. When the loads are added to the right and left drive
wheels 2, 3, the loads are added to the first hydraulic pump
11 and the second hydraulic pump 21 and the discharge
pressures are increased. Thus, the signal pressure PS is
generated in accordance with the increased discharge pres-
sures by the signal pressure adjusting valve 44. Therefore,
the first command pressures P1, P2 and the second command
pressures P3, P4 for commanding the control by the first
pump control unit 13 and the second pump control unit 23
are adjusted in accordance with the increased discharge
pressures. Thus, the loads applied to the first hydraulic pump
11 and the second hydraulic pump 21 are suppressed.
[0103] Therefore, according to the hydraulic drive system
100, 200, the load applied to the engine 4 can be suppressed.
[0104] The embodiments of the present invention are
described above. However, the above embodiments only
show a part of application examples of the present invention
and do not intend to limit the technical scope of the present
invention to the specific configurations of the above embodi-
ments.

[0105] The hydraulic drive system 100 is not limited to the
working vehicle but may be mounted in other vehicles as
long as right and left drive wheels are independently con-
trolled.

[0106] The present application claims priority on the basis
of Japanese Patent Application No. 2014-143485 filed to the
JPO on Jul. 11, 2014. All the contents of this application are
incorporated in the present specification by reference.

1. A liquid pressure drive system, comprising:

a first liquid pressure pump and a second liquid pressure
pump configured to be driven by power of a drive
source, each of the first and second liquid pressure
pumps being capable of changing a discharge volume
and a discharge direction of a working liquid;

a first liquid pressure motor configured to be driven by the
working liquid discharged from the first liquid pressure
pump, the first liquid pressure motor being configured
to transmit the power to one of right and left drive
wheels;

a second liquid pressure motor configured to be driven by
the working liquid discharged from the second liquid
pressure pump, the second liquid pressure motor being
configured to transmit the power to the other of the
right and left drive wheels;

a first pump control unit configured to control the dis-
charge volume and the discharge direction of the first
liquid pressure pump in accordance with a first com-
mand pressure, the first command pressure being gen-
erated in response to an operation of a worker;
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a second pump control unit configured to control the
discharge volume and the discharge direction of the
second liquid pressure pump in accordance with a
second command pressure, the second command pres-
sure being generated in response to an operation of the
worker;

a signal pressure generating unit configured to generate
the signal pressure for adjusting the first command
pressure and the second command pressure in accor-
dance with a sum of discharge pressures of the first
liquid pressure pump and the second liquid pressure
pump;

a first pressure adjusting unit configured to adjust the first
command pressure in accordance with the signal pres-
sure generated by the signal pressure generating unit;
and

a second pressure adjusting unit configured to adjust the
second command pressure in accordance with the sig-
nal pressure generated by the signal pressure generating
unit.

2. The liquid pressure drive system according to claim 1,

wherein two first command pressures are allowed to be
inputted to the first pressure adjusting unit,

wherein two second command pressures are allowed to be
inputted to the second pressure adjusting unit,

wherein the first pressure adjusting unit includes:

a first higher pressure selecting valve configured to
select higher one from the two inputted first com-
mand pressures; and

a first command pressure adjusting valve configured to
adjust the higher first command pressure selected by
the first higher pressure selecting valve in accor-
dance with the signal pressure and to guide the
adjusted higher first command pressure to the first
pump control unit, and

wherein the second pressure adjusting unit includes:

a second higher pressure selecting valve configured to
select higher one from the two inputted second
command pressures; and

a second command pressure adjusting valve configured
to adjust the higher second command pressure
selected by the second higher pressure selecting
valve in accordance with the signal pressure and to
guide the adjusted higher second command pressure
to the second pump control unit.

3. The liquid pressure drive system according to claim 1,

wherein two first command pressures are allowed to be
inputted to the first pressure adjusting unit,

wherein two second command pressures are allowed to be
inputted to the second pressure adjusting unit,

the first pressure adjusting unit includes:

a third command pressure adjusting valve configured to
adjust one of the two first command pressures in
accordance with the signal pressure;

a fourth command pressure adjusting valve configured
to adjust the other of the two first command pres-
sures in accordance with the signal pressure;

a first check valve provided between the third com-
mand pressure adjusting valve and the first pump
control unit, the first check valve being configured to
guide the pressure only from the third command
pressure adjusting valve to the first pump control
unit; and
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a second check valve provided between the fourth
command pressure adjusting valve and the first
pump control unit, the second check valve being
configured to guide the pressure only from the fourth
command pressure adjusting valve to the first pump
control unit, and wherein the second pressure adjust-
ing unit includes:

a fifth command pressure adjusting valve configured to
adjust one of the two second command pressures in
accordance with the signal pressure;

a sixth command pressure adjusting valve configured to
adjust the other of the two second command pres-
sures in accordance with the signal pressure;

a third check valve provided between the fifth com-
mand pressure adjusting valve and the second pump
control unit, the third check valve being configured
to guide the pressure only from the fifth command
pressure adjusting valve to the second pump control
unit; and

a fourth check valve provided between the sixth com-
mand pressure adjusting valve and the second pump
control unit, the fourth check valve being configured
to guide the pressure only from the sixth command
pressure adjusting valve to the second pump control
unit.

4. The liquid pressure drive system according to claim 2,
wherein the first pump control unit includes:

a first forward rotation port configured to control the
discharge direction of the first liquid pressure pump
to one discharge direction when the pressure is
inputted to the first forward rotation port, and

a first backward rotation port configured to control the
discharge direction of the first liquid pressure pump
to the other discharge direction when the pressure is
inputted to the first backward rotation port, wherein
the second pump control unit has:

a second forward rotation port configured to control the
discharge direction of the second liquid pressure
pump to one discharge direction when the pressure is
inputted to the second forward rotation port, and

a second backward rotation port configured to control
the discharge direction of the second liquid pressure
pump to the other discharge direction when the
pressure is inputted to the second backward rotation
port,

wherein a first switching valve configured to selectively
switch between guiding of the pressure to the first
forward rotation port of the first pump control unit and
guiding of the pressure to the first backward rotation
port of the first pump control unit is provided between
the first pump control unit and the first pressure adjust-
ing unit,

wherein a second switching valve configured to selec-
tively switch between guiding of the pressure to the
second forward rotation port of the second pump con-
trol unit and guiding of the pressure to the second
backward rotation port of the second pump control unit
is provided between the second pump control unit and
the second pressure adjusting unit,

wherein one of the two first command pressures is a first
forward rotation command pressure to switch the first
switching valve in such a manner that the pressure is
inputted to the first forward rotation port of the first
pump control unit, and the other is a first backward
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rotation command pressure to switch the first switching
valve in such a manner that the pressure is inputted to
the first backward rotation port of the first pump control
unit, and

wherein one of the two second command pressures is a
second forward rotation command pressure to switch
the second switching valve in such a manner that the
pressure is inputted to the second forward rotation port
of the second pump control unit, and the other is a
second backward rotation command pressure to switch
the second switching valve in such a manner that the
pressure is inputted to the second backward rotation
port of the second pump control unit.
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