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(54) ELECTROHYDRAULIC ACTUATION SYSTEM

(57) An object of the invention is to provide an elec-
tro-hydraulic actuation system which can prevent the
generation of a shortage in volume of a fluid supplied to
a hydraulic actuator having a larger load pressure of hy-
draulic actuators of a plurality of electro-hydraulic actu-
ators. The electro-hydraulic actuation system 100
changes a working fluid discharge volume of a variable
displacement hydraulic pump 111 by a selector valve
141, a two-position valve 142, a spring 143 and a dis-
charge volume changing hydraulic cylinder 144 based
on the maximum pressure of load pressures of a hydrau-
lic motor 122 and a hydraulic motor 132 and a working
fluid discharge pressure of the variable displacement
hydraulic pump 111.
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Description

Technical Field

[0001] The present invention relates to an electro-hy-
draulic actuation system for use in a hydraulic shovel or
asphalt finisher and more particularly to an electro-hy-
draulic actuation system to which a load sensing system
(hereinafter, referred to as LS) is applied for changing
the discharge volume of a pump based on the load pres-
sure of an actuator so that a differential pressure be-
tween the load pressure of the actuator and the dis-
charge pressure of the pump becomes substantially
constant.

Background Art

[0002] Conventionally, as a hydraulic actuation sys-
tem to which the LS is applied, there has been known,
for example, a hydraulic actuation system 900 shown in
Fig. 22.
[0003] The hydraulic actuation system 900 includes a
variable displacement hydraulic pump 911 for discharg-
ing a working fluid, a tank 912 from which the working
fluid is discharged and a relief valve 913 for keeping the
working fluid discharge pressure of the variable dis-
placement hydraulic pump 911 at a predetermined set
pressure or lower.
[0004] In addition, the hydraulic actuation system 900
includes a unit 920 having reduction gears 921 connect-
ed to a load, not shown, a variable displacement hydrau-
lic motor 922 for imparting a driving force to the reduc-
tion gears 921, an operation lever 923 adapted to be
operated by an operator, a manual direction control
valve 924 for changing the communication of the varia-
ble displacement hydraulic pump 911 and the tank 912
with the variable displacement hydraulic motor 922 in
accordance with the operation amount of the operation
lever 923 and an automatic two-position valve 925 for
cutting off the communication of the variable displace-
ment hydraulic pump 911 and the tank 912 with the var-
iable displacement hydraulic motor 922 in accordance
with the operation amount of the operation lever 923
when the communication of the variable displacement
hydraulic pump 911 and the tank 912 with the variable
displacement hydraulic motor 922 in accordance with
the operation amount of the operation lever 923 is cut
off by the manual direction control valve 924.
[0005] In addition, the hydraulic actuation system 900
includes a unit 930 having a similar configuration to that
of the unit 920, while the detailed description of the unit
930 is omitted here.
[0006] Additionally, the hydraulic actuation system
900 includes a selector valve 941 for selecting a working
fluid having a greater pressure of a working fluid sup-
plied from the variable displacement hydraulic pump
911 to the variable displacement hydraulic motor 922 of
the unit 920 and a working fluid supplied to the variable

displacement hydraulic pump 911 to a variable displace-
ment hydraulic motor 932 of the unit 930, a two-position
electromagnetic valve 942 for allowing the working fluid
discharged by the variable displacement hydraulic
pump 911 to pass when a pressure resulting from add-
ing a predetermined set pressure to the pressure of the
working fluid selected by the selector valve 941 is great-
er than the working fluid discharge pressure of the var-
iable displacement hydraulic pump 911 discharges the
working fluid, a discharge volume changing hydraulic
cylinder 943 for changing the discharge volume of the
variable displacement hydraulic pump 911 based on the
pressure of the working fluid which is allowed to pass
by the two-position electromagnetic valve 942 and the
working fluid discharge pressure of the variable dis-
placement hydraulic pump 911.
[0007] By the configuration that has been described
above, the discharge volume changing hydraulic cylin-
der 943 used to change the working fluid discharge vol-
ume of the variable displacement hydraulic pump 911
so that a difference between a larger pressure of the
pressure of the working fluid supplied from the variable
displacement hydraulic pump 911 to the variable dis-
placement hydraulic motor 922 of the unit 920, that is,
the load pressure of the unit 920 and the pressure of the
working fluid supplied from the variable displacement
hydraulic pump 911 to the variable displacement hy-
draulic motor 932 of the unit 930, that is, the load pres-
sure of the unit 930 and the working fluid discharge pres-
sure of the variable displacement hydraulic pump 911
becomes the set pressure of the two-position electro-
magnetic valve 942.
[0008] In the conventional hydraulic actuation system
900, however, there was a problem that the amount of
the working fluid is short which is supplied to the variable
displacement hydraulic motor having a larger load pres-
sure of the variable displacement hydraulic motor 922
of the unit 920 and the variable displacement hydraulic
motor 932 of the unit 930.
[0009] When the load pressure of the variable dis-
placement hydraulic motor 922 of the unit 920 or the var-
iable displacement hydraulic motor 932 of the unit 930
is increased, the working fluid discharge pressure of the
variable displacement hydraulic pump 911 is increased
due to the actions of the selector valve 941, the two-
position electromagnetic valve 942 and the discharge
volume changing hydraulic cylinder 943. However, in a
case where the relationship between the working fluid
discharge volume and discharge pressure of the varia-
ble displacement hydraulic pump 911 is such as shown
in Fig. 23, namely, in a case where the variable displace-
ment hydraulic pump 911 is a pump whose horse power
is constant, the working fluid discharge volume of the
variable displacement hydraulic pump 911 decreases
as the working fluid discharge pressure thereof increas-
es.
[0010] Here, when the working fluid discharge volume
of the variable displacement hydraulic pump 911 be-

1 2



EP 1 553 308 A1

3

5

10

15

20

25

30

35

40

45

50

55

comes smaller than a total amount of working fluid need-
ed to be supplied to the variable displacement hydraulic
motor 922 of the unit 920 and the variable displacement
hydraulic motor 932 of the unit 930, the working fluid
discharged by the variable displacement hydraulic
pump 911 flows to the variable displacement hydraulic
motor having a smaller load pressure in preference to
the other.
[0011] Then, there occurs a shortage in volume of the
working fluid supplied to the variable displacement hy-
draulic motor having a larger load pressure of the vari-
able displacement hydraulic motor 922 of the unit 920
and the variable displacement hydraulic motor 932 of
the unit 930, and the output thereof is reduced when
compared with a case where there occurs no shortage
in volume of the working fluid supplied thereto.
[0012] Consequently, for example, in a case where
the variable displacement hydraulic motor 922 of the
unit 920 is used for driving a right side caterpillar of a
hydraulic shovel and the variable displacement hydrau-
lic motor 932 of the unit 930 is used for a left side cat-
erpillar of the hydraulic shovel, when the operator at-
tempts to move the hydraulic shovel straight forward by
inputting substantially equal operation amounts to the
operation lever 923 of the unit 920 and an operation le-
ver 933 of the unit 930, in the event that a load borne by
the right side caterpillar becomes larger than a load
borne by the left side caterpillar as a result of, for exam-
ple, the right side caterpillar riding on a stone or the left
side caterpillar entering a puddle, the movement of the
right side caterpillar becomes slower than the move-
ment of the left side caterpillar, and the hydraulic shovel
advances while turning to the right.
[0013] Then, an object of the invention is to provide
an electro-hydraulic actuation system which can pre-
vent the generation of a shortage in volume of a fluid
supplied to a hydraulic actuator having a larger load
pressure of hydraulic actuators of a plurality of electro-
hydraulic actuators.

Disclosure of the Invention

[0014] With a view to solving the problem, according
to the invention, there is provided an electro-hydraulic
actuation system including a pump, a plurality of electro-
hydraulic actuators each having an electric motor, a hy-
draulic actuator and a fluid volume changing valve for
changing the volume of a fluid discharged by the pump
based on driving amounts of the electric motor and the
hydraulic actuator for supply to the hydraulic actuator, a
discharge volume changing means for changing the vol-
ume of the fluid discharged by the pump based on a
maximum pressure of pressures of the fluid supplied to
the hydraulic actuators of the plurality of electro-hydrau-
lic actuators and the discharge pressure of the fluid dis-
charged by the pump and a rotational speed changing
means for changing the rotational speed of the electric
motors of the plurality of electro-hydraulic actuators at

substantially the same ratio relative to the electric mo-
tors of the plurality of electro-hydraulic actuators based
on a maximum pressure of pressures of the fluid sup-
plied to the hydraulic actuators of the plurality of electro-
hydraulic actuators and the discharge pressure of the
fluid discharged by the pump.
[0015] By adopting this configuration, since the elec-
tro-hydraulic actuation system of the invention can re-
duce the volume of the fluid supplied to the hydraulic
actuators of the plurality of electro-hydraulic actuators
at substantially the same ratio when there occurs a
shortage in volume of the fluid supplied to the hydraulic
actuators of the plurality of electro-hydraulic actuators,
it is possible to prevent the occurrence of a shortage in
volume of the fluid supplied to the actuator having a larg-
er load pressure of the hydraulic actuators of the plural-
ity of electro-hydraulic actuators.

Brief Description of the Drawings

[0016]

Fig. 1 is a hydraulic circuit diagram of an electro-
hydraulic actuation system according to a first em-
bodiment of the invention.
Fig. 2 is a hydraulic circuit diagram of the electro-
hydraulic actuation system shown in Fig. 1 in the
vicinity of an electro-hydraulic servo valve thereof.
Fig. 3 is a hydraulic circuit diagram of the electro-
hydraulic actuation system shown in Fig. 1 in the
vicinity of a discharge volume changing hydraulic
cylinder thereof.
Fig. 4 is a sectional view of a unit of the electro-
hydraulic actuation system shown in Fig. 1.
Fig. 5 is a sectional view taken along the line indi-
cated by arrows A-A in Fig. 4 and viewed in a direc-
tion indicated by the arrows.
Fig. 6 is a sectional view taken along the line indi-
cated by arrows B-B in Fig. 4 and viewed in a direc-
tion indicated by the arrows.
Fig. 7 is a sectional view taken along the line indi-
cated by arrows C-C in Fig. 4 and viewed in a direc-
tion indicated by the arrows.
Fig. 8 is a hydraulic circuit diagram of an electro-
hydraulic actuation system according to a second
embodiment of the invention.
Fig. 9 is a hydraulic circuit diagram of the electro-
hydraulic actuation system shown in Fig. 8 in the
vicinity of an electro-hydraulic servo valve thereof.
Fig. 10 is a sectional view of a unit of the electro-
hydraulic actuation system shown in Fig. 8.
Fig. 11 is a sectional view taken along the line indi-
cated by arrows E-E in Fig. 10 and viewed in a di-
rection indicated by the arrows.
Fig. 12 is a sectional view taken along the line indi-
cated by arrows F-F in Fig. 10 and viewed in a di-
rection indicated by the arrows.
Fig. 13 is a sectional view taken along the line indi-
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cated by arrows G-G in Fig. 10 and viewed in a di-
rection indicated by the arrows.
Fig. 14 is a sectional view taken along the line indi-
cated by arrows H-H in Fig. 10 and viewed in a di-
rection indicated by the arrows.
Fig. 15 is a hydraulic circuit diagram of an electro-
hydraulic actuation system according to a third em-
bodiment of the invention.
Fig. 16 is a hydraulic circuit diagram of the electro-
hydraulic actuation system shown in Fig. 15 in the
vicinity of an electro-hydraulic servo valve thereof.
Fig. 17 is a sectional view of a unit of the electro-
hydraulic actuation system shown in Fig. 15.
Fig. 18 is a sectional view taken along the line indi-
cated by arrows J-J in Fig. 17 and viewed in a di-
rection indicated by the arrows.
Fig. 19 is a sectional view taken along the line indi-
cated by arrows K-K in Fig. 17 and viewed in a di-
rection indicated by the arrows.
Fig. 20 is a sectional view taken along the line indi-
cated by arrows L-L in Fig. 17 and viewed in a di-
rection indicated by the arrows.
Fig. 21 is a hydraulic circuit diagram of an electro-
hydraulic actuation system according to a fourth
embodiment of the invention.
Fig. 22 is a hydraulic circuit diagram of a conven-
tional electro-hydraulic actuation system.
Fig. 23 is a diagram showing the discharge volume
and discharge pressure of a variable displacement
hydraulic pump of the electro-hydraulic actuation
system shown in Fig. 22.

Best Mode for Carrying out the Invention

[0017] Embodiments of the invention will be de-
scribed below using the drawings.

(First Embodiment)

[0018] Firstly, the configuration of an electro-hydraulic
actuation system according to a first embodiment will be
described.
[0019] In Figs. 1 to 3, an electro-hydraulic actuation
system 100 as an electro-hydraulic actuation system ac-
cording to the first embodiment includes a variable dis-
placement hydraulic pump 111 as a pump of a constant
horse power for discharging a working fluid (fluid), a tank
112 from which the working fluid is discharged and a
relief valve 113 for keeping the working fluid discharge
pressure of the variable displacement hydraulic pump
111 at a predetermined set pressure or lower.
[0020] In addition, the electro-hydraulic actuation sys-
tem 100 includes a unit (refer to Figs. 4 to 7) as an elec-
tro-hydraulic actuator having reduction gears 121 con-
nected to a load not shown, a hydraulic motor 122 as a
hydraulic actuator having formed therein a port 122a
and a port 122b which are made to communicate with
the variable displacement hydraulic pump 111 or the

tank 112 and adapted to impart a driving force to the
reduction gears 121 by virtue of the pressure of a work-
ing fluid supplied to the port 122a and the port 122b, an
electric motor 123 driven in accordance with an electric
signal entered, a first toothed shaft 124 adapted to rotate
together with a driving shaft of the hydraulic motor 122
and a second toothed shaft 125 which is brought into a
screw connection with a rotating shaft of the electric mo-
tor 123 and is brought into a mesh engagement with the
first toothed shaft 124.
[0021] Here, the hydraulic motor 122 has, as shown
in Figs. 4 to 7, a box body 151 to which the electric motor
123 is fixed, a box body 152 fixed to the box body 151,
a swash plate 153 fixed in the interior of the box body
152, a motor shaft 154 connected to the reduction gears
121 at one end and brought into engagement with the
first toothed shaft 124 at the other end thereof in such
a manner as to rotate in synchronism with the first
toothed shaft 124, a bearing 155 and a bearing 156
which rotatably support the motor shaft 154 on the box
body 151 and the box body 152, respectively, a cylinder
block into which the motor shaft 154 is inserted at the
center thereof, in which a plurality of cylinder chambers
157a are formed and which is in engagement with the
motor shaft 154 in such a manner as to rotate in syn-
chronism with the motor shaft 154, a plurality of pistons
158 accommodated in the cylinder chambers 157a in
the cylinder block 157, shoe members 159 mounted on
distal ends of the pistons 158, a spring 160 for biasing
the cylinder block 157 towards the box body 151 side
and a seal 161 and a seal 162 for preventing the leakage
of a working fluid.
[0022] In addition, the unit 120 has, as shown in Figs.
1 to 3, an electro-hydraulic servo valve 127 as a fluid
volume changing valve having formed therein a port
127a communicating with the variable displacement hy-
draulic pump 111, a port 127b communicating with the
tank 112, a port 127c communicating with the port 122a
of the hydraulic motor 122, a port 127d communicating
with the port 122b of the hydraulic motor 122 and a port
127e, adapted to take any of a first position 127A, a sec-
ond position 127B and a third position 127C based on
the rotating amount of the second toothed shaft 125 and
the driving amount of the electric motor 123 and adapted
to change the volume of a working fluid discharged by
the variable displacement hydraulic pump 111 for supply
to the hydraulic motor 122.
[0023] Note that the first position 127A is a position
where the port 127a is made to communicate with the
port 127c and the port 127e, and the port 127b is made
to communicate with the port 127d, the second position
127B is a position where the communication between
the port 127a, port 127c and port 127d is cut off, while
the port 127b is made to communicate with the port
127e, and the third position 127C is a position where the
communication between the port 127a, port 127d and
port 127e is established, and the port 127b is made to
communicate with the port 127c.
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[0024] Here, the electro-hydraulic servo motor 127
has, as shown in Figs. 4 to 7, a moving body 171 for
changing the communication of the box body 151 with
the port 127a, port 127b, port 127c, port 127d and port
127e, a bearing 172 for transmitting an axial movement
of the second toothed shaft 125 to the moving body 171
and a cap 173, a cap 174, the seal 161 and a seal 175
which are adapted to prevent the leakage of working flu-
id from the inside to the outside of the box body 151.
[0025] In addition, the unit 120 has, as shown in Figs.
1 to 3, a check valve 128a (refer to Fig. 5) disposed be-
tween the variable displacement hydraulic pump 111
and the port 127a of the electro-hydraulic servo valve
127 for preventing the passage of a working fluid from
the port 127a of the electro-hydraulic servo valve 127 to
the variable discharge volume hydraulic valve 111, a
check valve 128b (refer to Figs. 6 and 7) disposed be-
tween the port 122a of the hydraulic motor 122 and the
port 127c of the electro-hydraulic servo valve 127 and
the tank 112 for preventing the passage of a working
fluid from the port 122a of the hydraulic motor 122 and
the port 127c of the electro-hydraulic servo valve 127 to
the tank 112 and a check valve 128c (refer to Figs. 6
and 7) disposed between the port 122b of the hydraulic
motor 122 and the port 127c of the electro-hydraulic ser-
vo valve 127 and the tank 112 for preventing the pas-
sage of a working fluid from the port 122b of the hydrau-
lic motor 122 and the port 127c of the electro-hydraulic
servo valve 127 to the tank 112.
[0026] In addition, while a detailed description is omit-
ted, the electro-hydraulic actuation system 100 has a
unit 130 having a similar configuration to that of the unit
120.
[0027] Additionally, the electro-hydraulic actuation
system 100 includes a selector valve 141 having formed
therein a port 141a which communicates with the port
127e of the electro-hydraulic servo valve 127 of the unit
120, a port 141b which communicates with a port 137e
of an electro-hydraulic servo valve 137 of the unit 130
and a port 141c and adapted to select the port having a
maximum pressure of the port 141a and the port 141b
for establishing a communication between the port so
selected and the port 141c.
[0028] In addition, the electro-hydraulic actuation sys-
tem 100 includes a two-position valve 142 having
formed therein a port 142a which communicates with
the tank 112, a port 142b and a port 142c which com-
municate with the variable displacement hydraulic pump
111, a port 142d which communicates with the port 141c
of the selector valve 141 via a throttle valve 140a and a
port 142e and adapted to take either of a first position
142A where the port 142a and the port 142e are made
to communicate with each other in accordance with the
pressure of a working fluid supplied to the port 142c and
the port 142e and a second position 142B where the
port 142b and the port 142e are made to communicate
with each other.
[0029] Additionally, the electro-hydraulic actuation

system 100 includes a spring 143 for biasing the two-
position valve 142 so that the two-position valve 142
takes the first position 142A when the pressure of a
working fluid supplied to the port 142c of the two-posi-
tion valve 142 is equal to or lower than a pressure re-
sulting from adding a predetermined set pressure to the
pressure of a working fluid supplied to the port 142d of
the two-position valve 142.
[0030] In addition, the electro-hydraulic actuation sys-
tem 100 includes a discharge volume changing hydrau-
lic cylinder 144 having formed therein a cylinder cham-
ber 144a which communicates with the port 142e of the
two-position valve 142 via a throttle valve 140b and a
cylinder chamber 144b which communicates with the
variable displacement hydraulic pump 111, connected
with the variable displacement hydraulic pump 111 in
such a manner to increase the discharge volume of the
variable displacement hydraulic pump 111 when retract-
ed than extended and adapted to be extended when the
pressure of a working fluid within the cylinder chamber
144a is equal to or greater than the pressure of a work-
ing fluid within the cylinder chamber 144b and to be re-
tracted when the pressure of the working fluid within the
cylinder chamber 144a is smaller than the pressure of
the working fluid within the cylinder chamber 144b.
[0031] Here, the electro-hydraulic servo valve 127 of
the unit 120, the electro-hydraulic servo valve 137 of the
unit 130, the selector valve 141, the two-position valve
142, the spring 143 and the discharge volume changing
hydraulic cylinder 144 constitutes a discharge volume
changing means for changing the discharge pressure of
a working fluid discharged by the variable displacement
hydraulic pump 111 based on a maximum pressure of
pressures of the working fluid supplied to the hydraulic
motor 122 of the unit 120 and the hydraulic motor 132
of the unit 130 and the discharge pressure of the working
fluid discharged by the variable displacement hydraulic
pump 111.
[0032] In addition, the electro-hydraulic actuation sys-
tem 100 includes a pressure gauge 145 for detecting
the pressure of a working fluid supplied to the port 122a
of the hydraulic motor 122 of the unit 120, a pressure
gauge 146 for detecting the pressure of a working fluid
supplied to the port 122b of the hydraulic motor 122, a
pressure gauge 147 for detecting the pressure of a
working fluid supplied to the port 132a of the hydraulic
motor 132 of the unit 130, a pressure gauge 148 for de-
tecting the pressure of a working fluid supplied to the
port 132b of the hydraulic motor 132, a pressure gauge
149 for detecting the working fluid discharge pressure
of the variable displacement hydraulic pump 111 and a
computer, not shown, to which pressures detected by
the pressure gauge 145, the pressure gauge 146, the
pressure gauge 147, the pressure gauge 148 and the
pressure gauge 149 are inputted for changing the rota-
tion speed of the electric motor 123 of the unit 120 and
the electric motor 133 of the unit 130 based on the pres-
sures so inputted at substantially the same ratio relative
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to the electric motor 123 and the electric motor 133.
[0033] Here, the pressure gauge 145, the pressure
gauge 146, the pressure gauge 147, the pressure gauge
148, the pressure gauge 149 and the computer, not
shown, constitute a rotational speed changing means
for changing the rotational speed of the electric motor
123 of the unit 120 and the electric motor 133 of the unit
130 at substantially the same ratio relative to the electric
motor 123 of the unit 120 and the electric motor 133 of
the unit 130 based on a maximum pressure of pressures
of the working fluid supplied to the hydraulic motor 122
of the unit 120 and the hydraulic motor 132 of the unit
130 and the working fluid discharge pressure of the var-
iable displacement hydraulic pump 111.
[0034] Note that the ration at which the rotational
speed of the electric motor 123 and the electric motor
133 may be a constant value at all times or a value which
changes in accordance with pressures detected by the
pressure gauge 145, the pressure gauge 146, the pres-
sure gauge 147, the pressure gauge 148 and the pres-
sure gauge 149.
[0035] Next, the operation of the electro-hydraulic ac-
tuation system according to the embodiment will be de-
scribed.
[0036] Note that since the operations of the hydraulic
motor 122 and the electro-hydraulic servo valve 127 are
substantially similar to those of the conventional hydrau-
lic motor and electro-hydraulic servo valve, the detailed
description thereof will be omitted.
[0037] The selector valve 141 selects the port where
a working fluid supplied shows a maximum pressure of
the port 141a which communicates with the port 127e
of the electro-hydraulic servo valve 127 of the unit and
the port 141b which communicates with the port 137c
of the electro-hydraulic servo valve 137 of the unit 130
and then establishes a communication between the port
so selected and the port 141c.
[0038] In other words, the selector valve 141 selects
a greater pressure of the pressure of the working fluid
supplied to the port 127e of the electro-hydraulic servo
valve 127 of the unit 120 or the load pressure of the hy-
draulic motor 122 of the unit 120 and the pressure of the
working fluid supplied to the port 137e of the electro-
hydraulic servo valve 137 of the unit 130 or the load
pressure of the hydraulic motor 132 of the unit 130.
[0039] Since the selector valve 141 selects a greater
pressure of the load pressure of the hydraulic motor 122
of the unit 120 and the load pressure of the hydraulic
motor 132 of the unit 130, the pressure of the working
fluid supplied to the port 142d of the two-position valve
142 which communicates with the port 141c of the se-
lector valve 141 via the throttle 140a becomes the larger
pressure of the load pressures of the hydraulic motor
122 and the hydraulic motor 132.
[0040] In addition, since the port 142c of the two-po-
sition valve 142 communicates with the variable dis-
placement hydraulic pump 111, the pressure of the
working fluid supplied to the port 142c of the two-posi-

tion valve 142 becomes the working fluid discharge
pressure of the variable displacement hydraulic pump
111.
[0041] Then, the two-position valve 142 takes the first
position 142A where the port 142a which communicates
with the tank 112 is made to communicate with the port
142e when the working fluid discharge pressure of the
variable displacement hydraulic pump 111 becomes
equal to or smaller than the pressure resulting from add-
ing the predetermined set pressure by the spring 143 to
the greater pressure of the load pressures of the hydrau-
lic motor 122 and the hydraulic motor 132.
[0042] When the two-position valve 142 takes the first
position 142A, the pressure of the working fluid within
the cylinder chamber 144b of the discharge volume
changing hydraulic cylinder 144 which communicates
with the port 142e of the two-position valve 142 via the
throttle 140b becomes the pressure of the working fluid
within the tank 112.
[0043] Here, since the pressure of the working fluid
within the cylinder chamber 144b of the discharge vol-
ume changing hydraulic cylinder 144 which communi-
cates with the variable displacement hydraulic pump 111
is the working fluid discharge pressure of the variable
displacement hydraulic pump 111, in the discharge vol-
ume changing hydraulic cylinder 144, the pressure of
the working fluid within the cylinder chamber 144a be-
comes smaller than the pressure of the working fluid
within the cylinder chamber 144b, whereby the dis-
charge volume changing hydraulic cylinder 144 retracts
to thereby increase the discharge volume of the variable
displacement hydraulic pump 111.
[0044] In addition, the two-position valve 142 takes
the second position 142B where the port 142b which
communicates with the variable displacement hydraulic
pump 111 is made to communicate with the port 142e
when the working fluid discharge pressure of the varia-
ble displacement hydraulic pump 111 becomes greater
than the pressure resulting from adding the predeter-
mined set pressure by the spring 143 to the greater pres-
sure of the load pressures of the hydraulic motor 122 of
the unit 120 and the hydraulic motor 132 of the unit 130.
[0045] When the two-position valve 142 takes the
second position 142B, the pressure of the working fluid
within the cylinder chamber 144a of the discharge vol-
ume changing hydraulic cylinder 144 becomes the
working fluid discharge pressure of the variable dis-
placement hydraulic pump 111.
[0046] Here, as has been described above, since the
pressure of the working fluid within the cylinder chamber
144b of the discharge volume changing hydraulic cylin-
der 144 is the working fluid discharge pressure of the
variable displacement hydraulic pump 111, in the dis-
charge volume changing hydraulic cylinder 144, the
pressure of the working fluid within the cylinder chamber
144a becomes equal to or greater than the pressure of
the working fluid within the cylinder chamber 144b,
whereby the discharge volume changing hydraulic cyl-
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inder 144 extends to thereby decrease the discharge
volume of the variable displacement hydraulic pump
111.
[0047] Thus, as has been described heretofore, the
electro-hydraulic actuation system 100 changes the
working fluid discharge volume of the variable displace-
ment hydraulic pump 111 so that a differential pressure
between the greater pressure of the load pressures of
the hydraulic motor 122 of the unit 120 and the hydraulic
motor 132 of the unit 130 and the working fluid discharge
pressure of the variable displacement hydraulic pump
111 becomes the predetermined set pressure by the
spring 143.
[0048] Consequently, when there occurs no shortage
in volume of working fluid supplied to the hydraulic motor
122 of the unit 120 and the hydraulic motor 132 of the
unit 130, a smallest pressure (hereinafter, referred to as
a minimum differential pressure) of a differential pres-
sure between a pressure detected by the pressure
gauge 149 and a pressure detected by the pressure
gauge 145, a differential pressure between the pressure
detected by the pressure gauge 149 and a pressure de-
tected by the pressure gauge 146, a differential pres-
sure between the pressure detected by the pressure
gauge 149 and a pressure detected by the pressure
gauge 147, and a differential pressure between the
pressure detected by the pressure gauge 149 and a
pressure detected by the pressure gauge 148 becomes
the predetermined set pressure by the spring 143.
[0049] Here, when there occurs even a slight short-
age in volume of the working fluid supplied to the hy-
draulic motor 122 of the unit 120 and the hydraulic motor
132 of the unit 130, the pressure detected by the pres-
sure gauge 149 or the working fluid discharge pressure
of the variable displacement hydraulic pump 111 de-
creases, the minimum differential pressure becomes
smaller than the predetermined set pressure by the
spring 143.
[0050] Consequently, by determining whether or not
the minimum differential pressure becomes smaller
than the predetermined set pressure by the spring 143
based on pressures inputted from the pressure gauge
145, the pressure gauge 146, the pressure gauge 147,
the pressure gauge 148 and the pressure gauge 149,
the computer, not shown, can determine whether or not
there occurs a shortage in volume of the working fluid
supplied to either of the hydraulic motor 122 of the unit
120 and the hydraulic motor 132 of the unit 130.
[0051] Then, when the minimum differential pressure
becomes smaller than the predetermined set pressure
by the spring 143, the computer, not shown, determines
that there occurs a shortage in volume of the working
fluid supplied to either of the hydraulic motor 122 of the
unit 120 and the hydraulic motor 132 of the unit 130 and
then decreases the rotational speed of the electric motor
123 of the unit 120 and the electric motor 133 of the unit
130 at substantially the same ratio relative to the electric
motor 123 and the electric motor 133.

[0052] When the computer, not shown, decreases the
rotational speed of the electric motor 123 of the unit 120
and the electric motor 133 of the unit 130 at substantially
the same ratio relative to the electric motor 123 and the
electric motor 133, a total volume of working fluid need-
ed to be supplied to the hydraulic motor 122 of the unit
120 and the hydraulic motor 132 of the unit 130 is de-
creased, and the shortage of working fluid that is occur-
ring in either of the hydraulic motor 122 of the unit and
the hydraulic motor 132 of the unit 130 can be eliminat-
ed.
[0053] As has been described heretofore, since the
electro-hydraulic actuation system 100 can decrease
the volume of the working fluid supplied to the hydraulic
motor 122 of the unit 120 and the hydraulic motor 132
of the unit 130 at substantially the same ratio when there
occurs a shortage in volume of working fluid supplied to
the hydraulic motor 122 of the unit 120 and the hydraulic
motor 132 of the unit 130, the occurrence of a shortage
in volume of working fluid supplied to the hydraulic motor
having a larger load pressure of the hydraulic motor 122
of the unit 120 and the hydraulic motor 132 of the unit
130 can be prevented.
[0054] In addition, since the electro-hydraulic actua-
tion system 100 can decrease the volume of the working
fluid supplied to the hydraulic motor 122 of the unit 120
and the hydraulic motor 132 of the unit 130 at substan-
tially the same ratio, for example, in a case where the
hydraulic motor 122 of the unit 120 is used for a right
side caterpillar of a hydraulic shovel and the hydraulic
motor 132 of the unit 130 is used for a left side caterpillar
of the hydraulic shovel, when the operator attempts to
move the hydraulic shove straight forward by inputting
substantially the same operation amounts into the unit
120 and the unit 130, even in case a load borne by the
right side caterpillar becomes larger than a load borne
by the left side caterpillar due to the right side caterpillar
riding on a stone or the left side caterpillar entering a
puddle, the movement of the right side caterpillar and
the movement of the left side caterpillar can be made
slower at substantially the same ratio.
[0055] Consequently, since the moving direction of
the hydraulic shovel provided with the electro-hydraulic
actuation system 100 is maintained while the moving
speed thereof gets slower, a risk of a hydraulic shovel
moving in a direction different from the direction intend-
ed by the operator can be prevented, which is the case
with a hydraulic shovel provided with the conventional
hydraulic actuation system 900 (refer to Fig. 22).

(Second Embodiment)

[0056] Firstly, the configuration of an electro-hydraulic
actuation system according to a second embodiment
will be described.
[0057] As shown in Figs. 8 and 9, since an electro-
hydraulic actuation system 300 as an electro-hydraulic
actuation system according to the second embodiment
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has a substantially similar configuration to that of the
electro-hydraulic actuation system (refer to Fig. 1) ac-
cording to the first embodiment, hereinafter, like refer-
ence numerals are imparted to constituent parts of the
electro-hydraulic actuation system 300 which are sub-
stantially like to those of the electro-hydraulic actuation
system 100 and the detailed description thereof will be
omitted.
[0058] Instead of the unit 120 (refer to Fig. 1) and the
unit 130 (refer to Fig. 1) of the electro-hydraulic actua-
tion system 100 (refer to Fig. 1), the electro-hydraulic
actuation system 300 includes an electro-hydraulic ac-
tuator 320 (refer to Figs. 10 to 14) and a unit 330, the
detailed description of which will be omitted, having a
similar configuration to that of the unit 320.
[0059] Instead of the hydraulic motor 122 (refer to Fig.
1) of the unit 120 (refer to Fig. 1), the unit 320 has a
variable displacement hydraulic motor 322 as a hydrau-
lic actuator having formed therein a port 322a and a port
322b which are made to communicate with a variable
displacement hydraulic pump 111 or a tank 112 and
adapted to impart a driving force to reduction gears 121
by virtue of the pressure of a working fluid supplied to
the port 322a and the port 322b.
[0060] Here, the variable displacement hydraulic mo-
tor 322 has, as shown in Figs. 10 to 14, a box body 351,
a box body 152 fixed to the box body 351, a swash plate
153, a motor shaft 154, a bearing 355 for rotatably sup-
porting the motor shaft 154 on the box body 351, a bear-
ing 156, a cylinder bock 157 having formed therein a
plurality of cylinder chambers 157a, a plurality of pistons
158, shoe members 159, a spring 160 and a seal 162.
[0061] In addition, instead of the electro-hydraulic
servo valve 127 (refer to Fig. 1) of the unit 120 (refer to
Fig. 1), the unit 320 has, as shown in Figs. 8 and 9, an
electro-hydraulic servo valve 327 as a fluid volume
changing valve having formed therein a port 327a which
communicates with the variable displacement hydraulic
pump 111, a part 327b which communicates with the
tank 112, a port 327c which communicates with the port
322a of the variable displacement hydraulic motor 322,
a part 327d which communicates with the port 322b of
the variable displacement hydraulic motor 322, a port
327e and a port 327f, adapted to take any of a first po-
sition 327A, a second position 327B and a third position
328C based on the rotating amount of a second toothed
shaft 125 and the driving amount of an electric motor
123 and adapted to change the volume of a working fluid
discharged by the variable displacement hydraulic
pump 111 for supply to the variable displacement hy-
draulic motor 322.
[0062] Note that the first position 327A is a position
where the port 327a is made to communicate with the
port 327c and the port 327e and a communication of the
port 327b with the port 327d and the port 327f is estab-
lished, the second position 327B is a position where the
communication with the port 327a, the port 327b, the
port 327c, the port 327d, the port 327e and the port 327f

is cut off, and the third position 327C is a position where
the port 327a is made to communicate with the port 327d
and the port 327f and a communication of the port 327d
with the port 327c and the port 327e is established.
[0063] Here, as shown in Figs. 10 to 14, the electro-
hydraulic servo valve 327 has a box body 151, a moving
body 171 for changing the communication of the port
327a, the port 327b, the port 327c, the port 327d, the
port 327e and the port 327f, a bearing 172 for transmit-
ting an axial movement of the second toothed shaft 125
to the moving body 171 and a cap 173, a cap 174 and
a seal 175 which prevent the leakage of a working fluid
from the inside to the outside of the box body 151.
[0064] Note that the unit 320 has a bearing 361 and
a bearing 362 which rotatably support a first toothed
shaft 124 relative to the box body 151.
[0065] In addition, as shown in Figs. 8 and 9, the unit
320 has a load pressure selector valve 328 having
formed therein a port 328a which communicates with
the port 327c of the electro-hydraulic servo valve 327,
a port 328b which communicates with the port 327d of
the electro-hydraulic servo valve 327, a part 328c which
communicates with the port 327e of the electro-hydrau-
lic servo valve 327, a port 328d which communicates
with the port 327f of the electro-hydraulic servo valve
327, a port 328e which communicates with the tank 112
and a port 328f which communicates with a port 141a
of a selector valve 141, adapted to take any of the first
position 328A, the second position 328B and the third
position 328C based on the pressure of a working fluid
supplied to the port 328c and the port 328d and adapted
to make either of the port 328a and the port 328b to
which a working fluid having a greater pressure is sup-
plied communicate with the port 328e for selection of
the load pressure of the variable displacement hydraulic
motor 322.
[0066] Note that the first position 328A is a position
where the port 328a is made to communicate with the
port 328f and the communication between the port 328b
and the port 328e is cut off, the second position 328B is
a position where the communication of the port 328a
and the port 328b is cut off and the port 328e is made
to communicate with the port 328f, and the third position
328C is a position where the communication of the port
328a and the port 328e are cut off and the port 328b is
made to communicate with the port 328f.
[0067] Here, the load pressure selector valve 328
has, as shown in Figs. 10 to 14, the box body 151, a
moving body 371 for changing the communication of the
port 328a, the port 328b, the port 328c, the port 328d,
the port 328e and the port 328f, a spring 329a for biasing
the moving body 371 so that the moving body 371 is
located at a first position 328A (refer to Fig. 9), a spring
329b for biasing the moving body 371 so that the moving
body is located at a third position 328C (refer to Fig. 9)
and a cap 372 and a cap 373 which prevent the leakage
of the working fluid from the inside to the outside of the
box body 151.
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[0068] Note that the electro-hydraulic servo valve 327
of the unit 320, the load pressure selector valve 328, an
electro-hydraulic servo valve 337 of the unit 330, a load
pressure selector valve 338, a selector valve 141, a
spring 142 and a discharge volume changing hydraulic
cylinder 144 constitutes a discharge volume changing
means for changing the working fluid discharge volume
of the variable displacement hydraulic pump 111 based
on a maximum pressure of pressures of the working fluid
supplied to the variable displacement hydraulic motor
322 of the unit 320 and a variable displacement hydrau-
lic motor 332 of the unit 330 and the working fluid dis-
charge pressure of the variable displacement hydraulic
pump 111.
[0069] Next, the operation of the electro-hydraulic ac-
tuation system according to the embodiment will be de-
scribed.
[0070] Note that the detailed description of those of
operations of the electro-hydraulic actuation system 300
according to the embodiment will be omitted which are
substantially similar to the operations of the electro-hy-
draulic actuation system 100 (refer to Fig. 1) according
to the first embodiment.
[0071] The load pressure selector valve 328 takes the
first position 328A where a communication of the port
328a and the port 328f is established when the pressure
of the working fluid supplied to the port 328c is greater
than the pressure of the working fluid supplied to the
port 328d, and takes a second position 328B when the
pressure of the working fluid supplied to the port 328c
is the same as the pressure of the working fluid supplied
to the port 328d, and takes the third position 328C where
a communication of the port 328b and the port 328f is
established when the pressure of the working fluid sup-
plied to the port 328c is smaller than the pressure of the
working fluid supplied to the port 328d.
[0072] In addition, the electro-hydraulic servo valve
327 allows the port 327c which communicates with the
port 328a of the load pressure selector valve 328 to
communicate with the port 327e which communicates
with the port 328c of the load pressure selector valve
328 when the electro-hydraulic servo valve 327 makes
the port 327a which communicates with the variable dis-
placement hydraulic pump 111 or the port 327b which
communicates with the tank 112 communicate with the
port 327c, and allows the port 327d which communi-
cates with the port 328d of the load pressure selector
valve 328 to communicate with the port 327f which com-
municates with the port 328d of the load pressure se-
lector valve 328 when the electro-hydraulic servo valve
327 makes the port 327a or the port 327b communicate
with the port 327d.
[0073] Consequently, the pressure of the working fluid
supplied to the port 328f of the load pressure selector
valve 328 or the pressure of the working fluid supplied
to a port 141a of the selector valve 141 becomes the
load pressure of the variable displacement hydraulic
motor 322 of the unit 320.

[0074] Similarly, the pressure of a working fluid sup-
plied to a port 338f of the load pressure selector valve
338 or the pressure of a working fluid supplied to a port
141b of the selector valve 141 becomes the load pres-
sure of the variable displacement hydraulic motor 332
of the unit 330.
[0075] Since the pressure of the working fluid sup-
plied to the port 141a of the selector valve 141 becomes
the load pressure of the variable displacement hydraulic
motor 322 of the unit 320 and the pressure of the work-
ing fluid supplied to the port 141b of the selector valve
141 becomes the load pressure of the variable displace-
ment hydraulic motor 332 of the unit 330, as has been
described in the first embodiment, the electro-hydraulic
actuation system 300 can change the working fluid dis-
charge volume of the variable displacement hydraulic
pump 111 so that a differential pressure between a larg-
er load pressure of the load pressures of the variable
displacement hydraulic motor 322 of the unit 320 and
the variable displacement hydraulic motor 332 of the
unit 330 and the working fluid discharge pressure of the
variable displacement hydraulic pump 111 becomes a
predetermined set pressure by the spring 143.

(Third Embodiment)

[0076] Firstly, the configuration of an electro-hydraulic
actuation system according to a third embodiment will
be described.
[0077] As shown in Figs. 15 and 16, since an electro-
hydraulic actuation system 500 as an electro-hydraulic
actuation system according to the embodiment has a
configuration which is substantially similar to that of the
electro-hydraulic actuation system 100 (refer to Fig. 1)
according to the first embodiment or the electro-hydrau-
lic actuation system 300 (refer to Fig. 8) according to the
second embodiment, hereinafter, like reference numer-
als are imparted to constituent parts of the electro-hy-
draulic actuation system 500 which are substantially like
to those of the electro-hydraulic actuation system 100
or the electro-hydraulic actuation system 300, and the
detailed description thereof will be omitted.
[0078] The electro-hydraulic actuation system 500 in-
cludes, as electro-hydraulic actuators, a unit 520 (refer
to Figs. 17 to 20) and a unit 530, the detailed description
of which will be omitted, having a similar configuration
to that of the unit 520, instead of the unit 120 (refer to
Fig. 1) and the unit 130 (refer to Fig. 1) of the electro-
hydraulic actuation system 100 (refer to Fig. 1).
[0079] The unit 520 has, instead of the electro-hy-
draulic servo valve 127 of the unit 120 (refer to Fig. 1),
an electro-hydraulic servo valve 527 as a fluid volume
changing valve having formed therein a port 527a which
communicates with a variable displacement hydraulic
pump 111, a port 527b which communicates with a tank
112, a port 527c which communicates with a port 122a
of a hydraulic motor 122 and a port 527d which commu-
nicates with a port 122b of the hydraulic motor 122,
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adapted to take any of a first position 527A, a second
position 527B and a third position 527C based on the
rotating amount of a second toothed shaft 125 and the
driving amount of an electric motor 123 and adapted to
change the volume of a working fluid discharged by the
variable displacement hydraulic pump 111 for supply to
the hydraulic motor 122.
[0080] Note that the first position 527A is a position
where the port 527a is made to communicate with the
port 527c, and the port 527b is made to communicate
with the port 527d, the second position 527B is a posi-
tion where the communication of the port 527a, the port
527b, the port 527c and the port 527d is cut off, and the
third position 527C is a position where the port 527a is
made to communicate with the port 527d, and the port
527b is made to communicate with the port 527c.
[0081] Here, as shown in Figs. 17 to 20, the electro-
hydraulic servo valve 527 has a box body 151, a moving
body 171 for changing the communication of the port
527a, the port 527b, the port 527c and the port 527d, a
bearing 172 for transmitting an axial movement of the
second toothed shaft 125 to the moving body 171 and
a cap 173, a cap 174 and a seal 175 which prevent the
leakage of a working fluid from the inside to the outside
of the box body 151.
[0082] In addition, as shown in Fig.15, the electro-hy-
draulic actuation system 500 includes a two-position
electromagnetic valve 514 having formed therein a port
514a which communicates with a relief valve 113 and a
port 514b which communicates with the tank 112 and
adapted to take either of a first position 514A where the
communication of the port 514a and the port 514b is cut
off based on a signal inputted and a second position
514B where the communication of the port 514a and the
port 514b is established.
[0083] In addition, instead of the selector valve 141
(refer to Fig. 1 or 8) of the electro-hydraulic actuation
system 100 (refer to Fig. 1) or the electro-hydraulic ac-
tuation system 300 (refer to Fig. 8), the electro-hydraulic
actuation system 500 includes a pressure setting valve
545 for setting a pressure for a working fluid supplied to
a port 142d of a two-position valve 142 by being
switched between a position where a working fluid dis-
charged by the variable displacement hydraulic pump
111 is led to the port 142d of the two-position valve 142
via a throttle 140a and a position where the working fluid
discharged by the variable displacement hydraulic
pump 11 is led to the tank 112 based on the pressure of
the working fluid supplied to the port 142d of the two-
position valve 142 and a signal inputted via a signal wire
545a.
[0084] Additionally, a computer, not shown, of the
electro-hydraulic actuation system 500 is configured to
receive pressures detected by a pressure gauge 145, a
pressure gauge 146, a pressure gauge 147, a pressure
gauge 148 and a pressure gauge 149 for input thereinto,
change the rotational speed of the electric motor 123 of
the unit 520 and an electric motor 133 of the unit 530 at

substantially the same ratio relative to the electric motor
123 and the electric motor 133 based on the pressures
so inputted, produce a signal based on the inputted
pressures and input the signal so produced into the two-
position electromagnetic valve 514.
[0085] Furthermore, the computer, not shown, is con-
figured to select a driving side pressure while following
the motor rotating direction of the hydraulic motors 122
and 132 based on values of the pressures inputted from
the pressure gauge 145, the pressure gauge 146, the
pressure gauge 147 and the pressure gauge 148, select
a greatest pressure of the pressures of the hydraulic mo-
tor 122 and the hydraulic motor 132 and input the pres-
sure so selected into the pressure setting valve 545 as
a signal via the signal wire 545a.
[0086] Here, the pressure gauge 145, the pressure
gauge 146, the pressure gauge 147, the pressure gauge
148, the pressure gauge 149, the computer, not shown,
the pressure setting valve 545, the two-position valve
142, a spring 143 and a discharge volume changing hy-
draulic cylinder 144 constitutes a discharge volume
changing means for changing the working fluid dis-
charge volume of the variable displacement hydraulic
pump 111 based on the greatest pressure of the pres-
sures of the working fluid supplied to the hydraulic motor
122 of the unit 520 and the hydraulic motor 132 of the
unit 530 and the working fluid discharge pressure of the
variable displacement hydraulic pump 111.
[0087] Next, the operation of the electro-hydraulic ac-
tuation system according to the embodiment will be de-
scribed.
[0088] Note that the detailed description of those of
operations of the electro-hydraulic actuation system 500
according to the embodiment will be omitted which are
substantially similar to the operations of the electro-hy-
draulic actuation system 100 (refer to Fig. 1) according
to the first embodiment.
[0089] The computer, not shown, selects a driving
side pressure while following the motor rotating direction
of the hydraulic motors 122 and 132 based on values of
the pressures inputted from the pressure gauge 145, the
pressure gauge 146, the pressure gauge 147 and the
pressure gauge 148, selects a greatest pressure of the
pressures of the hydraulic motor 122 and the hydraulic
motor 132 and inputs the pressure so selected into the
pressure setting valve 545 as a signal via the signal wire
545a.
[0090] When the signal is inputted thereinto by the
computer, not shown, the pressure setting valve 545
produces a force in accordance with the signal so input-
ted and changes positions based on the force so pro-
duced and the pressure of the working fluid supplied to
the port 142d of the two-position valve 142.
[0091] To be specific, when the force produced in ac-
cordance with the signal inputted is greater than a force
produced by virtue of the pressure of the working fluid
supplied to the port 142d of the two-position valve 142,
the pressure setting valve 545 is switched to a position
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where the working fluid discharged by the variable dis-
placement hydraulic pump 111 is led to the port 142d of
the two-position valve 142 via the throttle 140a and
when the force produced in accordance with the signal
inputted is equal to or smaller than the force produced
by virtue of the pressure of the working fluid supplied to
the port 142d of the two-position valve 142, the pressure
setting valve 545 is switched to a position where the
working fluid discharged by the variable displacement
hydraulic pump 111 is led to the tank 112.
[0092] Here, the pressure setting valve 545 is config-
ured to produce a force which allows the computer, not
shown, to implement a feedback using the pressure
from the pressure gauge 149 so that the pressure of the
working fluid supplied to the port 142d of the two-posi-
tion valve 142 becomes a sum of the pressure selected
from the hydraulic motor 122 of the unit 520 and the hy-
draulic motor 132 of the unit 530 and a pressure allow-
ance that is determined in advance.
[0093] Consequently, the pressure of the working fluid
supplied to the port 142d of the two-position valve 142
becomes substantially the same as the sum of the pres-
sure selected from the hydraulic motor 122 of the unit
520 and the hydraulic motor 132 of the unit 530 and the
pressure allowance that is determined in advance, and
as has been described in the first embodiment, the elec-
tro-hydraulic actuation system 500 can change the
working fluid discharge volume of the variable displace-
ment hydraulic pump 111 so as to become the sum of
the greater pressure of the pressures of the hydraulic
motor 122 of the unit 520 and the hydraulic motor 132
of the unit 530 and the pressure allowance that is deter-
mined in advance.
[0094] In addition, as has been described in the first
embodiment, when determining that there has occurred
a shortage in volume of the working fluid supplied to ei-
ther of the hydraulic motor 122 of the unit 520 and the
hydraulic motor 132 of the unit 530 based on the pres-
sures inputted from the pressure gauge 145, the pres-
sure gauge 146, the pressure gauge 147, the pressure
gauge 148 and the pressure gauge 149, the computer,
not shown, generates a signal which locates the two-
position electromagnetic valve 514 at the first position
514A and inputs the signal so generated into the two-
position electromagnetic valve 545.
[0095] When the two-position electromagnetic valve
514 is located at the first position 514A in response to
the signal inputted from the computer, not shown, since
the set pressure of the relief valve 113 becomes largest
within a designed range, the pressure of the working flu-
id discharged by the variable displacement hydraulic
pump 111 for supply to the unit 520 and the unit 530 can
be increased to a set pressure of the relief valve 113
which is greatest within the designed range.
[0096] In addition, as has been described in the first
embodiment, when determining that there has occurred
a shortage in volume of the working fluid supplied to ei-
ther of the hydraulic motor 122 of the unit 520 and the

hydraulic motor 132 of the unit 530 based on the pres-
sures inputted from the pressure gauge 145, the pres-
sure gauge 146, the pressure gauge 147, the pressure
gauge 148 and the pressure gauge 149, the computer,
not shown, reduces the rotational speed of the electric
motor 123 and the electric motor 133 at the same or a
predetermined ratio, thereby making it possible to pre-
vent a state in which the volume of working fluid is short.
[0097] In addition, when determining that there is oc-
curring no shortage in volume of the working fluid sup-
plied to the hydraulic motor 122 of the unit 520 and the
hydraulic motor 132 of the unit 530 based on the pres-
sures inputted from the pressure gauge 145, the pres-
sure gauge 146, the pressure gauge 147, the pressure
gauge 148 and the pressure gauge 149, the computer,
not shown, produces a signal which locates the two-po-
sition electromagnetic valve 514 at the second position
514B and inputs the signal so produced to the two-po-
sition electromagnetic valve 514.
[0098] When the two-position electromagnetic valve
514 is located at the second position 514B in response
to the signal inputted from the computer, not shown,
since the set pressure of the relief valve 113 becomes
smallest within the designed range, the pressure of the
working fluid discharged by the variable displacement
hydraulic pump 111 for supply to the unit 520 and the
unit 530 can only be increased to a set pressure of the
relief valve 113 which is smallest within the designed
range.
[0099] Consequently, when there is occurring no
shortage in volume of the working fluid supplied to the
hydraulic motor 122 of the unit 520 and the hydraulic
motor 132 of the unit 530, the electro-hydraulic actuation
system 500 can suppress the pressure of working fluid
discharged by the variable displacement hydraulic
pump 111 for supply to the unit 520 and the unit 530 to
the set pressure of the relief valve 113 which is the small-
est within the designed range or smaller and can reduce
energy consumed by the variable displacement hydrau-
lic pump 111 when compared with a case where the two-
position electromagnetic valve 514 is provided. In addi-
tion, in a state where the rotational speed inputted is 0,
the computer, not shown, outputs to the pressure setting
valve 545 a signal which makes the discharge pressure
of the variable displacement hydraulic pump 111 be-
come a predetermined low pressure based on the pres-
sure of the pressure gauge 149, thereby making it pos-
sible to reduce energy consumed. Additionally, in the
state where the rotational speed inputted is 0, the com-
puter, not shown, outputs to the pressure setting valve
545 a signal which makes the discharge pressure of the
variable displacement hydraulic pump 111 become a
predetermined low pressure based on the pressure of
the pressure gauge 149, thereby making it possible to
reduce energy consumed.
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(Fourth Embodiment)

[0100] Firstly, the configuration of an electro-hydraulic
actuation system according to a fourth embodiment will
be described.
[0101] As shown in Fig. 21, since an electro-hydraulic
actuation system 600 as an electro-hydraulic actuation
system according to the embodiment has a substantially
similar configuration to that of the electro-hydraulic ac-
tuation system 500 (refer to Fig. 15) according to the
third embodiment, hereinafter, like reference numerals
are imparted to constituent parts of the electro-hydraulic
actuation system 600 which are substantially like to
those of the electro-hydraulic actuation system 500.
[0102] The electro-hydraulic actuation system 600 in-
cludes, instead of the two-position electromagnetic
valve 514 (refer to Fig. 15) of the electro-hydraulic ac-
tuation system 500 (refer to Fig. 15), a two-position elec-
tromagnetic valve 614 having formed therein a port
614a which communicates with a variable displacement
hydraulic pump 111, a unit 520 and a unit 530, a port
614b which communicates with a tank 112 and a port
614c which communicates with a relief valve 113 and
adapted to take based on a signal inputted either of a
first position where the communication of the port 614a
and the port 614b is established and a second position
where the communication of the port 614a and the port
614c is established.
[0103] In addition, a computer, not shown, of the elec-
tro-hydraulic actuation system 600 is configured to re-
ceive pressures detected by a pressure gauge 145, a
pressure gauge 146, a pressure gauge 147, a pressure
gauge 148 and a pressure gauge 149 for input thereinto,
produce a signal based on the pressures inputted and
input the signal produced into the two-position electro-
magnetic valve 614.
[0104] Next, the operation of the electro-hydraulic ac-
tuation system 600 according to the invention will be de-
scribed.
[0105] Note that the detailed description of those of
operations of the electro-hydraulic actuation system 600
will be omitted which are substantially similar to the op-
erations of the electro-hydraulic actuation system 500
(refer to Fig. 15) according to the third embodiment.
[0106] As has been described in the first embodiment,
when determining that there has occurred a shortage in
volume of the working fluid supplied to either of the hy-
draulic motor 122 of the unit 520 and the hydraulic motor
132 of the unit 530 based on the pressures inputted from
the pressure gauge 145, the pressure gauge 146, the
pressure gauge 147, the pressure gauge 148 and the
pressure gauge 149, the computer, not shown, gener-
ates a signal which locates the two-position electromag-
netic valve 614 at the second position 614B and inputs
the signal so generated into the two-position electro-
magnetic valve 614.
[0107] When the two-position electromagnetic valve
614 takes the second position 614B in response to the

signal inputted from the computer, not shown, since the
port 614a which communicates with the variable dis-
placement hydraulic pump 111, the unit 520 and the unit
530 communicates with the port 614c which communi-
cates with the relief valve 113, the pressure of a working
fluid discharged by the variable displacement hydraulic
pump 111 for supply to the unit 520 and the unit 530 can
be increased to a set pressure for the relief valve 113.
[0108] In addition, when determining that there is oc-
curring no shortage in volume of the working fluid sup-
plied to the hydraulic motor 122 of the unit 520 and the
hydraulic motor 132 of the unit 530 based on the pres-
sures inputted from the pressure gauge 145, the pres-
sure gauge 146, the pressure gauge 147, the pressure
gauge 148 and the pressure gauge 149, the computer,
not shown, generates a signal which locates the two-
position electromagnetic valve 614 at the first position
614A and inputs the signal so generated into the two-
position electromagnetic valve 614.
[0109] When the two-position electromagnetic valve
614 takes the first position 614A in response to the sig-
nal inputted from the computer, not shown, since the
port 614a which communicates with the variable dis-
placement hydraulic pump 111, the unit 520 and the unit
530 communicates with the port 614b which communi-
cates with the tank 112, the pressure of the working fluid
discharged by the variable displacement hydraulic
pump 111 for supply to the unit 520 and the unit 530 is
reduced when compared to the case where the two-po-
sition electromagnetic valve 614 takes the second po-
sition 614B.
[0110] Consequently, the electro-hydraulic actuator
system 600 can suppress the pressure of the working
fluid discharged by the variable displacement hydraulic
pump 111 for supply to the unit 520 and the unit 530
when there is occurring no shortage in volume of the
working fluid supplied to the hydraulic motor 122 of the
unit 520 and the hydraulic motor 132 of the unit 530 to
a smaller value when compared with when there is oc-
curring a shortage in volume of the working fluid sup-
plied to the hydraulic motor 122 of the unit 520 and the
hydraulic motor 132 of the unit 530 and can reduce en-
ergy consumed by the variable displacement hydraulic
pump 111 when compared with a case where the two-
position electromagnetic valve 614 is not provided.

Industrial Application

[0111] As has been described heretofore, the liquid
pump according to the invention is a liquid pump for dis-
charging a liquid from a liquid storage portion to at least
one predetermined position and is configured to have at
least one cylinder chamber formed for induction of the
liquid thereinto from the liquid storage portion, a piston
disposed in the cylinder chamber, a liquid discharge port
formed in the cylinder chamber and a driving means for
driving the piston so as to drive, in turn, a cylinder in
axial directions within the cylinder chamber. By this con-
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figuration, for example, it can be ensured that a required
constant and minute volume of lubricating oil is supplied
to bearings and gears, the heat generation at the supply
points can be suppressed, and the power consumed by
the apparatus can be suppressed to a lower level.
[0112] In the liquid pump according to the invention,
the piston is inserted from one end portion of the cylinder
chamber, and the liquid discharge port is disposed at
the other end portion of the cylinder chamber. By adopt-
ing the configuration like this, a minute volume of liquid
can be discharged, the discharge amount can be adjust-
ed finely, the pump can instantaneously be stopped to
stop the flow of the liquid, and the operation can be con-
trolled so as to enable the intermittent discharge of the
liquid.
[0113] In the liquid pump according to the invention,
a pair of cylinder chambers is disposed at both ends of
the piston, a piston is inserted from one end of each cyl-
inder chamber, and a liquid discharge port is opened in
the other end of each cylinder chamber.
[0114] By adopting the configuration like this, liquid
can be supplied to two locations per one piston.
[0115] In the liquid pump according to the invention,
in the piston and the cylinder chamber, the cross-sec-
tional shape and/or length is optimized in accordance
with the supply volume of liquid. By adopting the config-
uration like this, the volume of fluid supplied can be ad-
justed even in case the operation frequency of the piston
is identical. In addition, even in case the plurality of cyl-
inder chambers and the pistons are operated at the
same frequency, the supply volume of fluid per cylinder
chamber can be altered.
[0116] In the liquid pump according to the invention,
the piston is inserted into the cylinder chamber, and a
single or a plurality of liquid discharge ports are formed
in the cylinder chamber. By adopting the configuration
like this, liquid can be supplied to a plurality of locations
or two or more locations per piston.
[0117] In the liquid pump according to the invention,
a construction is adopted in which a single or a plurality
of stepped portions are formed in the cylinder chamber,
the piston is formed so as to have a substantially equal
shape to that of the cylinder chamber, and a liquid dis-
charge port is disposed at the single or each of the plu-
rality of stepped portions formed in the cylinder cham-
ber. By adopting the configuration like this, liquid can be
supplied to a plurality of locations or two or more loca-
tions per piston with the simple construction.
[0118] In the liquid pump according to the invention,
the single or the plurality of stepped portions in the cyl-
inder chamber are formed in such a manner as to be
substantially symmetrical in the axial direction, the pis-
ton is formed into a substantially equal shape to the for-
mation of the substantially symmetrical stepped por-
tions, and a liquid discharge port is formed in the single
or each of the plurality of stepped portions formed in the
cylinder chamber. By adopting the configuration like
this, liquid can be supplied to a plurality of locations or

two or more locations per piston with the simple con-
struction.
[0119] In the liquid pump according to the invention,
a member is disposed for forming the single or the plu-
rality of stepped portions substantially symmetrically in
the cylinder chamber. By adopting the configuration like
this, after the piston having the symmetrical stepped
portions is inserted into the cylinder chamber, the mem-
ber for forming the substantially symmetrical stepped
portions is disposed, whereby the assembly can be fa-
cilitated.
[0120] In the liquid pump according to the invention,
as to the shape of a liquid reservoir defined between the
cylinder chamber and the piston, the relative axial length
of the cylinder chamber and the piston and/or cross sec-
tional areas thereof which are normal to their axes are
optimized in accordance with the volume of liquid sup-
plied. By adopting the configuration like this, even in
case the operation frequency of the piston is identical,
the volume of fluid supplied can be adjusted. In addition,
even in case the plurality of cylinder chambers and the
pistons are operated at the same frequency, the supply
volume of fluid per cylinder chamber can be altered.
[0121] In the liquid pump according to the invention,
a liquid bleeder hole is provided in the cylinder chamber.
By adopting the configuration like this, a liquid stored
between the end portion of the piston and the cylinder
chamber can be removed, when the piston is driven, so
that the motion of the piston is not disturbed.
[0122] In the liquid pump according to the invention,
a plurality of constructions are disposed in series in
which a single or a plurality of stepped portions are
formed in a hollow portion of the cylinder chamber and
a cross-sectional area of each stepped portion which is
normal to the axis thereof is gradually increased as it
extends along the axial direction thereof. By adopting
the configuration like this, liquid can be supplied to a
plurality of locations or two or more locations per piston
with the simple construction.
[0123] In the liquid pump according to the invention,
the piston and the cylinder chamber are provided in a
plural number for a single driving means. By adopting
the configuration like this, there is no need to provide a
plurality of driving means for moving the pluralities of
pistons and cylinder chambers, thereby making it pos-
sible to reduce the number of components.
[0124] In the liquid pump according to the invention,
the driving means is made up of a solenoid which is
made up of, in turn, a shaft portion which is wholly or
partially made of a magnetic material and a solenoid coil
which are adapted to move relative to each other, the
shaft portion and the solenoid coil are separated by a
bulkhead so that the shaft portion and the solenoid coil
are not in contact with each other, and the shaft portion
and the piston are made to interlock with each other by
a predetermined connecting means. By adopting the
configuration like this, even in the event that the shaft
portion and the piston, which are driving portions of the
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liquid pump, is submerged in a liquid within a completely
sealed space, since the shaft portion and the piston can
be operated in a non-contact fashion by the solenoid coil
from the outside, the leakage of liquid from the liquid
piston pump can be prevented. Namely, by the inven-
tion, a rotating shaft of a rotary pump is eliminated, and
rotary and sliding motions at an 0 ring for separating the
liquid from the external atmosphere and a shaft seal por-
tion are eliminated, whereby it is possible to eliminate
the possibility of leakage of liquid from the shaft portion
or intrusion of air into a lubricating path when the lubri-
cating path is in a vacuum state.
[0125] In the liquid pump according to the invention,
a bulkhead made of a non-magnetic material is used for
the bulkhead. By adopting the configuration like this, a
magnetic field produced in the solenoid coil is allowed
to pass only a plunger made of a magnetic material,
thereby making it possible to increase an attractive force
between the plunger and a base.
[0126] In the liquid pump according to the invention,
the solenoid is used as the driving means, and further-
more, the liquid pump is used as a lubricating oil circu-
lating pump, whereby portions needing lubrication and
lubricating paths, and a lubricating oil discharge main
part of the lubricating oil circulating pump are sealed. By
adopting the configuration like this, the portions where
lubricating oil is circulated and the piston, which is a slid-
ing part of the lubricating oil circulating pump, and the
driving portion therefor can be sealed, whereby no seal
is needed at portions where sliding or/and rotating mo-
tions occur, thereby making it possible to reduce the
possibility of lubricating oil leakage. In particular, the lu-
bricating oil circulating portion resides in a vacuum, it is
possible to eliminate as much as possible a concern that
outside air intrudes from seals at the sliding or/and ro-
tating portions to thereby deteriorate the degree of vac-
uum.
[0127] In the liquid pump according to the invention,
in an apparatus having rotating portions needing lubri-
cating oil for lubrication of bearings, a lubricating stor-
age tank for storing lubricating oil, which is in communi-
cation for induction of the lubricating oil thereinto, is
formed, and a lubricating oil supply pump and supply
paths are disposed in the apparatus having rotating por-
tions for supplying the oil from the lubricating oil storage
tank to predetermined portions such as the bearings and
gears. By adopting the configuration like this, the neces-
sity of rotating shafts and gears being submerged in the
lubricating oil is obviated, whereby the resistance can
be reduced which would occur when the apparatus is
driven, thereby making it possible to attain saving ener-
gy. As the apparatus having the configuration, there are
raised rotary vacuum pumps and reduction gears.
[0128] The apparatus having rotating portions ac-
cording to the invention is characterized in that the main
part for discharging a lubricating oil of the lubricating oil
supply pump is formed integrally in the lubricating oil
storage tank. By adopting the configuration like this,

there is no need to provide a means for supplying a lu-
bricating oil to the lubricating oil supply pump, and fur-
thermore, a space where the lubrication oil supply pump
is disposed can also be reduced.
[0129] In the apparatus having rotating portions ac-
cording to the invention, the lubricating oil storage tank
is disposed at a position where the lubricating oil in the
apparatus having rotating portions flows into by virtue
of its own gravity. By adopting this configuration, there
is no need to provide a complex means for returning the
lubricating oil to the lubricating oil storage tank.
[0130] In the apparatus having rotating portions ac-
cording to the invention, the liquid pumps set forth in
Claims 1 to 15 are used as the pump. By adopting this
configuration, a simple and easy construction can be at-
tained.

Claims

1. An electro-hydraulic actuation system being char-
acterized by comprising a pump, a plurality of elec-
tro-hydraulic actuators each having an electric mo-
tor, a hydraulic actuator and a fluid volume changing
valve for changing the volume of a fluid discharged
by the pump based on driving amounts of the elec-
tric motor and the hydraulic actuator for supply to
the hydraulic actuator, discharge volume changing
means for changing the volume of the fluid dis-
charged by the pump based on a maximum pres-
sure of pressures of the fluid supplied to the hydrau-
lic actuators of the plurality of electro-hydraulic ac-
tuators and the discharge pressure of the fluid dis-
charged by the pump, and rotational speed chang-
ing means for changing the rotational speed of the
electric motors of the plurality of electro-hydraulic
actuators at substantially the same ratio relative to
the electric motors of the plurality of electro-hydrau-
lic actuators based on a maximum pressure of pres-
sures of the fluid supplied to the hydraulic actuators
of the plurality of electro-hydraulic actuators and the
discharge pressure of the fluid discharged by the
pump.

25 26



EP 1 553 308 A1

15



EP 1 553 308 A1

16



EP 1 553 308 A1

17



EP 1 553 308 A1

18



EP 1 553 308 A1

19



EP 1 553 308 A1

20



EP 1 553 308 A1

21



EP 1 553 308 A1

22



EP 1 553 308 A1

23



EP 1 553 308 A1

24



EP 1 553 308 A1

25



EP 1 553 308 A1

26



EP 1 553 308 A1

27



EP 1 553 308 A1

28



EP 1 553 308 A1

29



EP 1 553 308 A1

30



EP 1 553 308 A1

31



EP 1 553 308 A1

32



EP 1 553 308 A1

33



EP 1 553 308 A1

34



EP 1 553 308 A1

35



EP 1 553 308 A1

36



EP 1 553 308 A1

37


	bibliography
	description
	claims
	drawings
	search report

