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DESCRIPTION

Title of Invention: FLOW CONTROL VALVE APPARATUS
Technical Field
{0001] The present invention relates to a flow control valve apparatus configured to control
a flow rate of a pressure liguid.
Background Art
{00027 A hydranlic eylinder included in industrial equipment, such as an excavator, is
configured to operate at a speed corresponding to a supply flow rate or a discharge flow rate, and
the hydraulic cylinder is provided with a flow contro! valve configured to control the supply flow
rate and the discharge flow rate.  Known as examples of the flow control valve are hydraulic
control apparatases disclosed in PTL 1 and PTL 2.
{00031 The hydraulic control apparatus of PTL 1 includes a spool, and electromagnetic
solenoids are provided at respective end portions of the epool.  Each electromagnetic solenoid
can push the corresponding end portion of the speol to move the spool, L.e., change the position
of the spool. By changing the position of the spool, the spool switches a connection status
among a pump port, a tank port, and two supply/discharge ports. A head-side port and rod-side
port of the hydraulic cylinder are connected to the respective supply/discharge ports.  Io be
specific, by switching the connection status among the pump port, the tank port, and the two
supply/discharge ports, operating oil can be supplied to or discharged from the hydraulic cylindes,
and with this, the hydraulic cylinder can operate.  Further, according to the hydranlic control
appatatug, an opening degree between the ports can be changed depending on the position of the
spool.  Thus, the hydraulic control apparaius can control the flow rates of the operating oil
supplied to and discharged from cach supply/discharge port.  As above, meter-in control and
meter-out control with respect to the hydraulic evlinder are executed.
[0004] PTL 2 discloses that the hydraulic control apparaius includes: a directional control
valve coupled to a bottor-side o1l chamber of an arm cylinder; and a directional control valve
coupled to a piston rod-side oil chamber of the arm cylinder.  These two directional control
valves can independently control the meter-in and the meter-out.
Citation List
Patent Literature
00057 PTL 1: Japanese Laid-Open Patent Application Publication No. 19-141305

PTL 2: Japanese Laid-Qpen Patent Application Publication No. 2013-249%900
Summary of Invention

Technical Problem
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00061 According to a hydraulic excavator, during excavating work, carvving work, or the
ltke, a load acting on the hydraulic cylinder changes from moment to moment depending on
postures and moving directions of a boom, an arm, and the like.  According to the hydraulic
control apparatus of PTL 1, the opening degrees of the two supply/discharge ports are adjusted
by one spool.  Therefore, the flow rates of the operating oil supplied to and discharged from the
hydraulic cylinder depending on the position of the spool are equal to cach other.  On this
account, both when the boom s operated in a direction of gravitational force and when the boom
is operated in an opposite direction, the supply flow rate of the operating oil and the discharge
flow rate of the operating cil are equal to cach other, and therefore, an operating speed of the
hydraulic cylinder changes depending on a change in the load.  Therefore, an operating lever or
the like needs to be manipulated depending on the postures and moving directions of the boom,
the arm, and the hike. Thus, reproducibility and responsiveness are poor, and such manipulation
requires skatl.  To avoeid this, it is preferable that an operation amount of the hydraulic cylinder
with respect io a manipulation amount be constant.

[G0071 One example for realizing this is that as described in PTL 2, the supply and
discharge How rates for the head-side port and the supply and discharge flow rates for the
rod-side port are controlled independently.  For example, separate flow control valves may be
connected to the head-side port and rod-side port of the hydraulic cylinder.  With this, the
meter-in control and the meter-out control with respect to each of the head-side port and the
rod-side port can be executed independently.

[D00R] The flow control valve is configured by inserting the spool into a valve block
including a plurality of spool holes. Therefore, when the flow conirol valve for the head-side
port and the flow control valve for the red-side port are separately provided, two spool holes are
occupied. The excavator includes at least three hydraulic cylinders that are a boom cylinder, an
arnt cylinder, and a bucket cylinder.  When two flow control valves are used for each of the
three hydraulic cylinders, the valve block increases in size.

[0009] An object of the present invention is to provide a flow control valve apparatus
capable of independently controlling supply and discharge flow rates for respective
supply/discharge ports and suppressing an increase in size of a housing,

Solution to Problem

(6010} A flow control valve apparatus according to the present invention includes: a
housing including two pump ports, two tank ports, a first supply/discharge port, a second
supply/discharge port, and a spool hole; a first spocl configured to switch a connection status

among the first pamp port, the first tank port, and the first supply/discharge port dependingon a
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position of the first spool; a first actuator configured to move the first spool to each of a first
supply position where the first pump port and the first supply/discharge port are connected to
each other and a first discharge position where the first tank port and the first supply/discharge
port are connected to each other; a second spool configured to switch a connection status among
the second pump port, the second tank port, and the second supply/discharge port depending on a
position of the second spool; and a second actuator configured to move the second spool to each
of a second supply position where the second pump port and the second supply/discharge port
are connected to each other and a second discharge position where the second tank port and the
second supply/discharge port are connected to each other; wherein when the first spool is located
at a first neutral position, the first spool blocks the first pump port, the first tank port, and the
first supply/discharge port, wherein when the second spool is located at a second neutral position,
the second spool blocks the second pump port, the second tank port, and the second
supply/discharge port, and wherein the first spool and the second spool are inserted in the spool
hole so as to reciprocate, and the first spool and the second spool are configured to move
independently of each other by the first actuator and the second actuator, respectively.

[0011] According to the present invention, the first spool capable of switching the
connection status of the first supply/discharge port can be moved by the first actuator, and the
second spool capable of switching the connection status of the second supply/discharge port can
be moved by the second actuator. As above, since the two spools can be independently moved
by the different actuators, the connection status of the first supply/discharge port and the
connection status of the second supply/discharge port can be controlled independently.

[0012] Further, in the present invention, two spools are inserted in one spool hole.
Therefore, the number of spool holes used in the housing can be suppressed to a minimum, and
the increase in size of the housing can be suppressed.

[0013] In the above invention, the two pump ports, the two tank ports, the first
supply/discharge port, and the second supply/discharge port may be arranged such that: when the
first spool and the second spool move to a first side in a predetermined direction, the first spool
is located at the first supply position, and the second spool is located at the second discharge
position; and when the first spool and the second spool move to a second side in the
predetermined direction, the first spool is located at the first discharge position, and the second
spool is located at the second supply position.

[0014] According to the above configuration, when the two spools are moved to the first
side in the predetermined direction, the two spools are moved to the first discharge position and
the second supply position, respectively. Further, when the two spools are moved to the second
side in the predetermined direction, the two spools are moved to the first supply position and the

second discharge position, respectively. Therefore, even when two spools are inserted in and
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arranged in one spool hole, the spools can be moved without interfering with each other. With
this, as compared to a case where two spool move in different directions, the length of the spool
hole can be made short, and the increase in size of the block can be suppressed.

[0015] In the above invention, the first and second spools may be arranged close to each
other in the spool hole.

[0016] According to the above configuration, since the two spools are arranged close to
each other, one of the spools can push the other spool. With this, even when the second
actuator malfunctions, the second spool is pushed by moving the first spool to the supply
position. Thus, the second spool can be moved to the discharge position. Therefore, the
operating oil can be prevented from being excessively supplied by moving only the first spool to
the supply position.

[0017] According to the present invention, two spools are arranged close to each other.
Therefore, when the second spool cannot move, the first spool contacts the second spool, and
this restricts the movement of the first spool. To be specific, since the second spool serves as a
stopper, the operating oil can be prevented from being excessively supplied by moving only the
first spool to the supply position.

[0018] In the above invention, the flow control valve apparatus may be configured such
that: the first actuator pushes and pulls the first spool to make the first spool reciprocate; the
second actuator pushes and pulls the second spool to make the second spool reciprocate; the first
actuator is arranged at the first side of the housing in the predetermined direction; and the second
actuator is arranged at the second side of the housing in the predetermined direction.

[0019] According to the above configuration, an actuator is arranged at the first side of the
first spool in the predetermined direction, and another actuator is arranged at the second side of
the second spool in the predetermined direction. Therefore, as compared to a case where
driving portions are arranged at both sides of each of the spools in the predetermined direction,
the flow control valve apparatus can be reduced in size.

[0020] In an embodiment of the invention, the flow control valve apparatus further includes:
a first biasing mechanism configured to bias the first spool against pushing and pulling by the
first actuator; and a second biasing mechanism configured to bias the second spool against
pushing and pulling by the second actuator, wherein: when the first spool is located at the first
neutral position, the first spool blocks the first pump port, the first tank port, and the first
supply/discharge port; when the second spool is located at the second neutral position, the
second spool blocks the second pump port, the second tank port, and the second supply/discharge
port; the first biasing mechanism biases the first spool toward the first neutral position; and the
second biasing mechanism biases the second spool toward the second neutral position.

[0021] According to the above configuration, the spools are biased toward the

corresponding neutral positions by the corresponding biasing mechanisms. Therefore, even if
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the two actuators malfunction, the pressure oil can be prevented from being continucusly and
excessively supplied.  Thus, fail safe can be achieved.

[a022) In the above invention, the first actuator and the sccond actuator may be linear
motion electric actuators.

(0023} According to the above configuration, the positions of the two spools can be adjusted
with a bigh degree of accuracy.  With this, the operating oil can be accurately supplied or
discharged at the flow rate corresponding to the current.

Advantageous Effects of Invention

{0024} According to the present invention, the supply flow rate and the discharge flow rate
with respeet to each supply/discharge port can be controlled independently, and the increase in
size of the housing can be suppressed.

The above object, other objects, features, and advantages of the present invention
will be made clear by the following detailed explanation of preferred embodiments with
reference to the attached drawings.

Brief Description of Drawings
[0025] Fig. 1 1s a sectional view showing a flow control valve apparatus according to the
present invention.

Fig. 2 is an enlarged sectional view showing first and second spools of the flow
contrel valve apparatus of Fig. 1.

Fig. 3 is an enlarged sectional view showing a first actuator of the flow control valve
apparatus of Fig. 1.

Fig. 4 is a sectional view showing a state where in the flow control valve apparatus
of Fig. 1, the first spool is moved to 2 first supply posttion, and the second spool is moved to a
second discharge position.

Fig. 5 is g sectional view showing a state where in the flow control valve apparatus
of Fig. 1, the first spool is moved to a first discharge position, and the second spool is moved to a
second supply position.

Fig. 618 a sectional view showing a state where in the flow control valve apparatus
of Fig. 1, the first spool is independently moved to a first side in an axial direction.

Fig. 7 is a sectional view showing a state where in the flow control valve apparatus
of Fig. 1, the first spool is independently moved to a seccond side in the axial direction.

Fig. & is a sectional view showiog a state where 1 the Hlow control valve apparatus
of Fig. 1, the first spool pushes and moves the second spool.

Bescription of Embodiments
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100261 Hereinafter, a flow control valve apparatus 1 according to an embodiment of the
present invention will be explained with reference to the drawings. 1t should be noted that
directions stated in the following explanations are used for convenience of explanation, and
directions and the like of components of the present invention are not limited.  Further, the flow
conirol valve apparatus 1 explained below s just one embodiment of the present invention.
Therefore, the present invention is not limited to the embodiments, and additions, deletions, and
modifications may be made within the scope of the present invention.
100271 An industrial machinery, such as a hydranlic excavator, includes a plurality of
hydraulic cylinders 2 shown in Fig. 1. By supplying operating oil to the hydraulic cylinders 2
and discharging the operating oil from the hydraulic cylinders 2, constituting members, such ag a
boom, an arm, and a bucket, are moved.  Each of the hydraulic cylinders 2 is, for example, a
double-acting hydraulic cylinder and includes a head-side oil chamber 2a and a rod-side oil
chamber 2b.  According to the hydraulic cylinder 2, the aperating oil can be supplied to and
discharged trom the oil chamber 2a through a head-side port 2d, and the operating oil can be
supplied to and discharged from the oil chamber 2b through a rod-side port 2e. By the supply
and discharge of the operating oil, a rod 2¢ reciprocates to move the constituting members.
{00281 A hydraulic purap 3 and a tank 4 are connected to the hydraulic cylinder 2 through
the flow control valve apparatus 1. The flow control valve apparatus | supplics the operating
oil from the hydranlic pump 3 to the hydraulic eylinder 2 and controls a supply flow rate of the
operating oil. Further, the flow control valve apparatus 1 discharges the operating oil fron the
hydraulic eylinder 2 to the tank 4 and controls a discharge flow rate of the operating oil.  As
above, meter-in control and meter-out control with respect to the hydraulic cylinder 2 are
executed by the flow contrel valve apparatus 1. The following will explain the configuration of
the flow control valve apparatus 1.
{0028} Configuration of Flow Control Valve Apparatus

The flow control valve apparatus 1 includes a block 1, two spools 121 and 12R,
two actuators 141 and 14R, and two biasing mechanisms 16L and 16R.  The block 11 thatis
one example of a housing is, for example, a valve block and includes at least one spool hole 21.
The spool hole 21 extends along a predetermined axis 1.  The block 11 further includes two
tank ports 221 and 22R, two supply/discharge ports 241 and 24R, and two pump ports 26L and
20R. These six ports 221, 22R, 241, 24R, 261, and 26R are open at the spool hole 21,
[0030] More specifically, the two tank ports 221 and 22R are arranged away from each
other at both sides of the block 11 in an axial divection, and the two supply/discharge ports 24L

and 24R are arvanged between the two tank ports 221 and 22R.  The pump ports 261 and 26R
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are arranged between the two supply/discharge ports 241 and 24R and are connected to the
hydranlic pump 3 through a pump passage 28. A first supply/discharge port 241, that is the
supply/discharge port 241 located at a first side in the axial direction is connected to the
head-side port 2d of the hydraulie cylinder 2 through a first oil passage 29L. A second
supply/discharge port 24R that is the supply/discharge port 24R located at a second side in the
axial direction is connected to the rod-side port 2e of the hydraulic cylinder 2 through a second
oil passage 29R.  The tank port 221 18 connected to the tank 4 through a tank passage 301, and
the tank port 22R is connected to the tank 4 through a tank passage 30R.  These six ports 221,
22R, 4L, 24R, 261, and 26R arec arranged at intervals in the axial direction.  In order to switch
a connection status among the six ports 221, 22R, 241, 24R, 261, and 26R arranged as above,
the two spools 121 and 12R are inserted in the single spool hole 21,
{0031} The first spool 12L 1s formed in a substantially columnar shape as shown in Fig. 2
and inserted into the spool hole 21 so as to be able to reciprocate in the axial direction. The
first spool 12L is arranged at the first side of the spool hole 21 in the axial direction and changes
its position to switch the connection status among the three ports 221, 241, and 261 arranged at
the first side in the axial direction.  More specifically, a round 131 is formed at an intermediate
portion of the first spool 121 over the entire periphery in a circumferential direction.  The
conmection status can be switched by changing the position of the round 13L.  For example,
when the first spool 121 is located at a first neutral position, the round 131 is connected only to
the first supply/discharge port 241, and the remaining two ports 221 and 26L are closed by an
outer peripheral surface of the first spool 12L.  With this, the three ports 221, 241, and 261 are
blocked.
{0032} When the first spool 121 is moved to the first side in the axial direction to be located
at a first discharge position, g part of the round 131 which is located at the first side in the axial
direction opens at the first tank port 221, and with this, the first tank port 221 and the first
supply/discharge port 24L are connected to each other through the round 13L.  Further, by
moving the first spool 121, an opening degree between the first tank port 221 and the first
supply/discharge port 241 can be adjusted.  When the first spool 121 is moved to the second
side 1o the axial direction to be located at a first supply position, a part of the round 13L which is
located at the second side in the axial direction opens at the first pump port 261, and with this,
the first pump port 261 and the first supply/discharge port 241 are connected to each other
through the round 13L. Further, by moving the first spool 121, the opening degree between the
first pumyp port 261 and the first supply/discharge port 24L can be adjusted.

100331 The second spool 12R is configured in the same manner as the first spool 121, The
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second spool 12R is formed in a substantially columnar shape and inserted into the spool hole 21
50 g5 to be able to reciprocate in the axial direction.  The second spool 12R is arranged at the
second side of the spool hole 21 in the axial direction and changes its position to switch the
connection status among the three ports 22R, 24R, and 26R arranged at the second side in the
axial divection. More specifically, a round 13R is formed at an intermediate portion of the
second spool 12R over the entire periphery in the circumferential divection.  The connection
status can be switched by changing the position of the round 13R. When the second sposl 12R
is located at g second neutral position, the round 13R is connected only to the second
supply/discharge port 24R, and the remaining two ports 22R and 26R are closed by an outer
peripheral surface of the second spool 12R. With this, the three ports 22R, 24R, and 26R are
blocked.
[0034] When the second spool 12R is moved to the second side in the axial direction to be
focated at 3 second discharge position, a part of the round 13R which is ocated at the second
side in the axial direction opens at the second tank port 22R, and with this, the second tank port
22R and the second supply/discharge port 24R are connected to each other through the round
I3R. Further, by moving the second spool 12R, the opening degree between the second tank
port 22R and the second supply/discharge port 24R can be adjusted.  When the second spool
12R is moved to the first side in the axial direction to be located at a second supply position, a
part of the round 13R which is located at the first side in the axial direction opens at the second
pump port 26K, and with this, the second purop port 26R and the second supply/discharge port
24R are connected to each other through the round 13R.  Further, by moving the second spool
12R, the opening degree between the second purp port 26R and the second supply/discharge
port 24R can be adjusted.
0035] The twe spools 121 and 12R configured as above are arranged close to each other in
the axial direction such that tip end portions thercof face each other.  In the present embodiment,
the two spools 121 and 12R are arranged cjose to each other such that an interval X is formed
between the tip end portions thereof.  The interval X is set to about 10% of a maximum stroke
fength of cach of the spools 12l and 12R. It should be noted that the interval X between the
two spools 121 and 12R is not limited to the above value. It is preferable that in constderation
of aratio (in the present emboediment, about 29) of a minimum stroke length necessary for each
spool to move from the neutral position to each of the supply position and the discharge position
to the maximurm stroke length, the interval X be set within, for example, a range of 3% or more
and 40% or less of the maximum stroke length of each of the two spools 12Land 12R. It

should be noted that the term “close” denotes not only a case where the two spools 2L and {2R
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are arranged with the interval X but also a case where the two spools 121 and 12R are arranged
such that end portions thereof contact gach other.  As shown in Fig. 1, the first and second
actuators 14L and 14R are provided at respective base end portions of the two spools 121 and
12R arranged close to cach other

[0036] ‘The first and second actuators 14L and 14R also shown in Fig. 3 are, for example,
{incar motion electric actuators.  The first actuator 4L is constituted by a servo motor and a
ball screw (both not shown) which are accommodated in a casing 151, and the second actustor
14R is constituted by a servo motor and a ball screw (both not shown) which are accommodated
inacasing 15R.  The linear motion electric actuator includes the ball serew configured such
that, for example, a slider (nwt; not shown} is threadedly enpaged with a screw shaft (not shown),
When the screw shaft is rotated by the servo motor, the shider reciprocates in the axial direction.
The shiders having such function are fixed to respective driven bodies 31L and 31R of the first
and second actuators 141 and 14R.

(00371 Each of the driven bodies 311 and 31R is formed in a substantially columnar shape,
and the sliders (not shown) are fixed to respective first axial end portions of the driven bodiss
31l and 31R. Asecond axial end portion of the first driven body 311 is fixed to g first axial
end portion of the first spool 121, When the first actuator 14L is supplied with a current o
ratate the servo motor, the first spool 12L can be moved to the first side or second side in the
axial direction by driving foree corresponding to the current. A second axial end portion of the
second driven body 31R is fixed to a second axial end portion of the second spoo! 12R. When
the second actuator 14R is supplied with a current to rotate the servo motor, the second spoel
12R can be moved to the first side or second side in the axial direction by the driving force
corresponding to the current.  As above, the firet and second spools 121 and 12R can be
independently moved by using the first and second actuators 141 and 14R.

[0038] In the first and second actuators 141 and 14R configured as above, the driven hody
31L 1s fixed to and attached to the base end portion of the spool 12L, and the driven body 31R is
fixed to and attached to the base end portion of the spoo! 12R.  The first actuator 141 is
arranged so as to project to the first side of the block 11 in the axial direction, and the second
actuator 14R 18 arranged s0 as to project to the second side of the block 11 in the axial direction.
The first driven body 31L projects from the casing 15L of the first actuator 141, and the second
driven body 31R projects from the casing 15R of the second actuator 14R.  With this, an
interval is formed between the casing 151 and the block 11, and the biasing mechanism 16L is
provided between the casing 151 and the block 11, Further, an interval is formed between the

casing 15K and the block 11, and the biasing mechanism 16R is provided between the casing
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15R and the block 11

(00397 The first biasing mechanism 16L includes a casing member 321, two spring
teceiving mernbers 331 and 34L, coil springs 351 and 36L, and a stopper member 37L.  The
casing member 321 is a bottomed tubular member whose section cut along a virtual flat plane
including an axis of the casing member 32L has a substantially U shape.  The first driven body
315 penetrates and 18 covered with the casing member 321, The casing member 321 is
attached to a first axial side surface of the block 11 with an opening end thereof sealed.  The
casing 151 of the first actuator 14L is fixed to a bottom portion of the casing member 32L. The
two spring receiving mewbers 331 and 341, the cotl springs 351 and 361, and the stopper
member 371 are accommodated in the casing member 32L configured as shove,

{0040] The spring receiving member 331 includes a main body portion 33a and a flange
33b, and the spring receiving member 341 includes a main body portion 34a and a flange 34b.
Each of the main body portions 332 and 34a is formed in 2 bottomed tubular shape whose section
cut along a virtual flat plane including an axis of cach of the main body portions 33a and 343 has
a substantially U-shape. The flange 33b is formed at an outer peripheral surface of an opening
end of the main body portion 33a over the entire periphery in the circumferential direction so as
to project outward in a radial direction, and the flange 34b is formed at an outer peripheral
surface of an opening end of the main body portion 34a over the entire periphery in the
circumferential direction so as to project outward in the radial direction.

(0041} A first spring receiving member 331 that is the spring receiving member 33L ig
arranged in the casing member 321 at the first side in the axial direction. When the first spool
121 15 located at the first neutral posttion, the flasge 33b is 1n contact with an inner end surface
of the casing member 32L.  The first driven body 311 penetrates the first spring receiving
member 331 along an axis of the first spring receiving member 33L.  The first driven body 31L
wmcludes a large-diameter portion 31a.  The large-diameter portion 31a is arranged in the first
spring receiving member 33L and 1s in contact with an inuner end surface of the first spring
receiving member 33L.  Therefore, when the first driven body 311 moves to the second side in
the axial direction, the first spring roceiving member 331 moves to the second side in the axial
direction in accordance with the movement of the large-dismeter portion 31a.  Further, a second
spring receiving member 34L s arranged in the casing member 321 g0 as to he opposed to the
first spring receiving member 331L.

0042} The second spring receiving member 34L that is the spring r:eceiviﬂg member 341 is
arranged in the casing member 321 at the sccond side in the axial direction.  When the first

spool 121 is located at the first neutral position, the flange 34b is in contact with the first axial
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side surface of the block 11, The first axial end portion of the first spos! 121 projects from the
spool hole 21 of the block 11, and this projecting portion is fitted to the second spring receiving
member 34L.  Therefore, when the first driven body 311 is moved to the first side in the axial
direction, the second spring receiving member 341 moves to the first side in the axial direction
n accordance with the moverment of the first spool 121 that moves together with the fivst driven
body 31L.

{0043] The second spring receiving member 341 arranged as above 15 arranged so as to be
opposed to and spaced apart from the firet spring receiving moember 33L.  In order to press the
recetving member 331 agamst the bottom portion and press the vecetving member 341 against
the side surface, the two coil springs 35L and 36L are interposed between the two spring
receiving members 33L and 341

[0044] The two coil springs 351 and 361 are so-called compression coil springs. A first
axial end portion of g first coil spring 351 that is the coil spring 35L 15 externally attached to the
main body portion 33a of the first spring receiving member 331, and a second axial end portion
of the first coil spring 35L is externally attached to the main body portion 34a of the second
spring receiving member 341, Furthey, the end portions of the first coil spring 35L are in
contact with the respective flanges 33b and 34b of the first and second spring receiving members
330 and 34L.. The second coil spring 36L is arranged inside the first coil spring 35L.  The
second coil spring 36L is externally attached 1o the first driven body 31L. A first axial end
portion of the second coil spring 361 is in contact with a bottom portion of the main body
portion 33a of the first spring receiving member 331, and a second axial end portion of the
second coil spring 36L is in contact with a bottom portion of the main body portion 34a of the
second spring receiving member 341, The stopper member 371 is arranged inside the second
coil spring 36L.

10645} The stopper mernber 371 is formed in a substantially cylindrical shape and
externally attached to the first driven body 31L. It should be noted that in the present
embodiment, the stopper member 37L 1s fixed to the bottom portion of the main body portion
344 of the second spring receiving member 341, As described above, the stopper member 371
is interposed between the two spring receiving members 230 and 341, Tb be specific, when the
two spring receiving mernbers 331 and 341 move relative to cach other 5o g5 to get close to cach
other, and a relative movement amount of the two spring receiving members 331 and 34L
becomes a predetermined amount, the stopper member 371 contacts the first spring receiving
member 8o as to prevent further a relative movement of the two spring recetving members 331

and 34L. Thus, the stopper member 371 restricts the relative movement amount to the
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predetermined amount or less.  With this, the first spool 121 is prevented from moving to the
first side and second side in the axial direction by more than the predetermined amount.

[0046) According to the first biasing mechanism 16L configured as above, when the first
spool 121 is pushed or pulled in the axial direction by the first actuator 14L, the two coil springs
3SL and 36L generate biasing force against driving force of the first actuator 141, Each of the
two coil springs 351 and 36L generates the biasing force corresponding to iis compression
amnount, 1.¢., the position of the first spool 121, With this, the first spool 120 moves to a
position where the driving force of the first actuator 14L and the biasing force of the two coil
springs 351 and 36L are balanced with each other.  Thus, the first spool 12L can be moved to a
position corresponding to the current supplied to the first actuator 14L.  As above, the first
biasing mechanism 16L can move the first spool 121 to an arbitrary position in cooperation with
the first actuator 141, As with the first spool 121, the second spoel 12R is provided with the
second biasing mechanism 16R in order to move the second spool 12R to an arbitrary position.
{00471 The second biasing mechanism 16R has the same counfiguration as the first biasing
mechanism 161, Regarding the components of the second biasing mechanism 16R which are
the same as the components of the first biasing mechanism 161, the same reference signs
including “R” instead of "“L” are attached thersto, and detailed explanations thereof are omitted
since the above explanations of the components of the first biasing mechanism 161 are referable.
To be specific, the second biasing mechanism 16R includes a casing member 32R, two spring
receiving members 33R and 34R, coil springs 35R and 36K, and a stopper member 37R. The
second driven body 31R penetrates the casing mernber 32R, and the second biasing mechanism
16R is attached to a second axial side surface of the block 11 with an opening end thereof sealed.
Further, the casing 15R of the second actuator 14R is fixed to a bottom portion of the casing
member 32R of the second biasing mechanism 16R.

{00481 According to the second biasing mechanism 16R configured as above, when the
second spool 12R is pushed or pulled in the axial direction by the scoond actuator 14R, the two
coil springs 35R and 36R generate biasing force against driving force of the second actuator 14R.
Each of the two coil springs 35R and 36R generates the biasing force corresponding to its
compression amount, i.e., the position of the second spool 12R. With this, the second spool
12R moves to a position where the driving force of the second actuator 14R and the biasing force
of the two coil springs 35R and 36R are balanced with each other.  Thus, the second spool 12R
can be moved to a position corresponding to the current supplied o the second actuator 14R.

As above, the second biasing mechanism 16R can move the second spool 12R to an arbitrary

position in cooperation with the second actuator 14R.
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[0049] According to the flow control valve apparatus 1 configured as above, the two
actuators 141 and 14R are connected to a controller 40, and the controller 40 controls the
operations of the two actuators 14L and 14R (see Fig. 1).  More specifically, the controller 40
controls the operations of the flow control valve apparatus 1 by supplying a current
corresponding to a manipulation (such as a manipulation direction and s manipulation amount}
of an operation tool (not shown}, such as am operating lever, to the two actuators 1L and 4R,
The controller 40 18 constituted by a so-called computer.  The controlier 40 includes a CPU
{Central Processing Unit), a ROM (Read Only Memory}, a RAM (Random Accéss Memory), an
UF {Interface}, an VO {Input/output Port), and the like {all not shown). The ROM stores
programs executed hy the CPU, varions fixed data, and the like.  The programs executed by the
CPU are stored in various storage mediums, such as flexible disks, CD-ROMs, and memory
cards, and are mstalled in the ROM from the storage mediums.  The RAM temporarily stores
data necessary when the programs are executed.  The UF transmits data to and receives data
from external devices (such as an input device and a memory device (both not shown}). The
VO performs fnput and output of detection signals of various sensors.  The controller 40 is
configured to perform processing of realizing functions by cooperation between software such as
the programs stored in the ROM and hardware such as the CPU.  Hereinatter, the operations of
the flow contrel valve apparatus 1 will be explained.
10030} Operations of Flow Control Valve Apparatus

When an operator manipulates the operation too! toward 3 first side in the
manipulation direction in order to expand the hydraulic cylinder 2, the controller 40 detects the
direction of the manipulation and the manipulation amount {such as oil pressure or a sensor

value)} and supplies different currents corresponding to the direction of the manipulation and the

manipulation ameunt to the two actuators 141 and 1R With thiz, e fow coatrab vilvg oo

apparatus 1 operates as bhelow.

10051 To be specific, when the first actuator 141, is supplied with the current, the first
driven body 3 1L moves to the second side in the axial divection.  With this, the first spool 121
at the first neutral position moves to the second side in the axial direction as shown in Fig. 4 and
reaches the fivst supply position soon.  Thus, a part of the round 131 which is located at the
second side in the axial direction opens at the first pump port 261, and with this, the first pump
port 261 and the first supply/discharge port 241 are connected to each other through the round
131, It should be noted that the first tank port 221 is blocked without being connected o any
of the ports 241 and 26L.

[0052] When moving the first spool 12L to the second side in the axial direction, the first
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driven body 31L pushes the first spring receiving member 331 toward the second side in the
axial direction, and therefore, receives the biasing force from the two compressed coil springs
35L and 36L.  On this account, the first spool 121 reaches 2 position where the driving force of
the first actuator 141 and the biasing force of the two coil springs 35L and 361 are balanced with
cach other, and stops at this position.  With this, the opening degree between the first pump port
26L and the first supply/discharge port 241 is adjusted to the opening degree corresponding to
the current flowing through the first actuator 14L {(i.c., the opening degree corresponding to the
mantpulation arsount of the operation tool).

[0053] Similarly, when the second actuator 4R is supplied with the current, the second
driven body 3 1R moves o the second side in the axial direction.  With this, the second spool
E2R at the second neutral position moves to the second side in the axial direction and reaches the
second discharge position soon.  Thus, a part of the round 13R which is located at the second
side in the axial direction opens at the second tank port 22R, and with this, the second tank port
22R and the second supply/discharge port 24R are connected to cach other through the round
13R. It should be noted that the second pump port 26R 1s blocked without being connected to
any of the ports 22R and 24R.

(00541 When moving the second speol 12R to the sccond side in the axial direction, the
second driven body 31R pulls the second spring receiving member 34R toward the second side
in the axial direction through the second spool 12R, and therefore, receives the biasing force
from the two compressed coil springs 35R and 36R.  On this account, the second spool 12R
reaches a position where the driving force of the second actuator 14R and the biasing force of the
two coil springs 3SR and 36R are balanced with cach other, and stops af this position.  With this,
the opening degree between the second tank port 22R and the second supply/discharge port 24R
18 adjusted to the opening degree corresponding to the current flowing through the second
actuator 14R (i.e., the opening degree corresponding to the manipulation amount of the operation
tool}).

[0055] As above, when the operation toel is manipulated toward the tirst side in the
manipulation direction, the fivat spool 121 moves to the first supply position, and the second
spool 12R moves to the second discharge position.  With this, the head-side port 2d of the
hydranlic eyvlinder 2 is connected to the pump 3, and the rod-side port 2¢ of the hydraulic
cyiinder 2 is connected to the tank 4. Then, the operating oil is supplied from the pump 3 to the
head-side ¢il chamber 2a, and the operating oil in the rod-side oil chamber 2b is discharged to
the tank 4. Aga result, the hydraulic cylinder 2 can be expanded.  Further, each of the opening

degree between the first pump port 26L and the first supply/discharge port 241 and the opening
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degree belween the second tank port 22R and the second supply/discharge port 24R is adjusted
to the opening degree corresponding to the manipulation amount of the operation tool, and
meter-in control and meter-out control are executed with respect to the flow rates of the
operating oil supplied to and discharged from the hydraulic cylinder 2. With this, a speed at
which the hydraulic eylinder 2 is expanded, i.e., an operating speed of the hydraulic cylinder 2
can become a speed corresponding to the manipulation amount of the operation tool,

10056) After that, when the operation tool is returned to a neutral position, the controller 40
stops the currents supplied to the two actuators 14L and 14R.  With this, the first spring
recetving member 331 is pushed by the two coil springs 351 and 361 back to such a position as
to contact the bottom portion of the casing member 32L.  In gecordance with this, the first
driven body 31L is returned to the first side in the axial direction.  Thus, the first spool 12L
returns to the first neutral position {see Fig. 1), Similarly, the second spring receiving meruber
34R is pushed by the two coil springs 35R and 36R back to such a position as to contact the side
surface of the block 11.  In accordance with this, the second spool 12R is pushed to the first
side int the axial direction, and the second driven body 31R is returned.  Thus, the second spool
12R is returned to the second neutral position (see Fig. 1)

{0057] When the two spools 121 and 12R are retwned to the respective neuiral positions, all
of the six ports 221, 22R, 24L, 24R, 26L, and 26R are blocked, and the supply and discharge of
the operating oil to and from the head-side oil chamber 2a and the rod-side oil chamber 2b siop.
With this, the expansion of the hydraulic cylinder 2 stops, and this state of the hydraulic eylinder
2 is maintained.

[O0SE] On the other hand, when the operator manipulates the operation tool toward a second
side in the manipulation direction in order to contract the hydraulic cylinder 2, the controller 40
detects the direction of the manipulation and the manipulation amount and supplies to the two
actuators 141 and 14R the currents opposite o the curvents supplied when the operation tool is
manipulated toward the first side in the manipulation direction.  With this, the flow contrel
valve apparatus 1 operates as below.

10059] To be specific, when the first actuator 141 is supplied with the current, the first
driven body 31L moves to the first side fo the axial direction.  With this, the first spool 121 at
the first neutral position moves to the first side in the axial direction as shown in Fig. § and
reaches the first discharge position soon.  Thus, a part of the round 131 which is located at the
first side in the axial direction opens at the first tank port 221, and with this, the first tank port
221. and the first supply/discharge port 24L are connected o each other through the round 13L.

It should be noted that the first pump port 26L is blocked without being connected to any of the
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ports 221 and 241

[0060] When moving the first spool 121 to the first side in the axial direction, the first
driven body 31L pulls the second spring receiving member 34L toward the first side in the axial
direction through the first spoel 121, and therefore, receives the biasing force from the two
conpressed cotl springs 35L and 36L.  On this account, the first spool 12L reaches a position
where the duving force of the first actuator 141 and the biasing force of the two coil springs 35L
and 36L are balanced with each other, and stops at this position.  With this, the opening degree
between the first pump port 261 and the first supply/discharge port 241 is adjusted to the
opening degree corresponding fo the current flowing through the first actoator 14L (e, the
opening degree corresponding to the manipulation amount of the operation tool).

(00611 Stmilarly, when the second actuator 14R 1 supphied with the current, the second
driven body 31R moves to the first side in the axial divection.  With this, the second spool 12R
at the second neutral position moves to the first side in the axial divection and reaches the second
supply position soon.  Thus, a part of the round 13R which is located at the first side i the axial
direction opens at the second pump port 26R, and with this, the second pump port 26R and the
second supply/discharge port 24R are counecied (o each other through the round 13RIt should
be noted that the second tank port 22R is blocked without being connected to any of the ports
Z4R and 26R.

{0062] When moving the second spool 12R to the first side in the axial direction, the second
driven body 3 1R pushes the firgt spring receiving member 33R toward the first side 1 the axial
direction, and therefore, receives the biasing force from the two compressed coil springs 35R and
36R. On this account, the second spool 12R reaches a position where the driving force of the
second actuator 14R and the biasing force of the two coil springs 35R and 36R are balanced with
each other, and stop af this position.  With this, the opening degree between the second pump
port 26R and the second supply/discharge port 24R 18 adjusted to the opening degree
corresponding to the current flowing through the second actuator 14R (i.e., the opening degree
corresponding to the manipulation amount of the operation tool}).

{0063} As gbove, when the operation tool is manipulated toward the second side in the
manipuiation direction, the first spool 121 moves to the first discharge position, and the second
spool 12R moves to the second supply position.  With this, the head-side port 2d of the
hydraulic cylinder 2 is connected to the tank 4, and the rod-side port 2e of the hydraulic cylinder
2 18 connected to the pump 3. Then, the operating oil is supplied from the pump 3 to the
rod-side oil chamber 2b, and the operating ¢il in the head-side o1l chamber 2a is discharged to

the tank 4. As a result, the hydraulic cylinder 2 can be contracted.  Further, each of the
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opening degree between the first tank port 221 and the first supply/discharge port 241 and the
opening degree between the second pump port 26R and the sccond supply/discharge port 24R is
adjusted to the opening degree corresponding to the manipulation amount of the operation tool,
and meter-in control and meter-out control are executed with respect to the flow rates of the
operating oil supplied to and discharged from the hydraulic cylinder 2. With this, a speed at
which the hydraulic cvlinder 2 is contracted, i.e., the operating speed of the hydranhic cylinder 2
can become a speed corresponding to the manipulation amount of the operation tool,

[0064] After that, when the operation tool is returned to the neutral position, the controller
40 stops the currents supplied to the two actuators 141 and 14R as with the above cazse.  With
this, the second spring receiving member 34L 18 pushed by the twe coil springs 3531 and 36L
back to such a position as to contact the side surface of the block 11, In accordance with this,
the first spool 121 is pushed back, and the first driven body 31L is returned.  Thus, the first
spool 121 is returoed to the first neuviral position (see Fig. 1), Similady, the first spring
receiving member 33R is pushed by the two coil springs 35R and 36R back to such a position as
to contact the bottom portion of the casing member 32R.  In accordance with this, the second
driven body 31R is returned to the second side in the axial divection.  Thus, the second spool
12R 15 returned to the second neutral position {see Fig. 1}. Theretore, all of the six ports 221,
22R, 24L, 24R, 261, and 26R are blocked. With this, the contraction of the hydraulic cylinder
2 stops, and this state of the hydraulic cylinder 2 is maintained.

{0065] The flow control valve apparatus 1 configured as above further has the f@ilewmg
functions. According to a hydraulic excavator, the direction and magnitude of own weight of
the constituting member, such as the boom, which weight acts on the constifuting member vary
depending on the posture of the constituting member, and the operating speed of the constituting
member changes depending on the direction and magnitude of the own weight of the constituting
member, 1t is preferable that a change in the opersting speed of the hydraulic eylinder 2 with
respect to the manipulation amount of the operation tool by the influences of the direction and
magnitude of the own weight of the constituting member be suppressed.

[0066] According to the flow conirol valve apparatus 1, the two spools 121 and 12R formed
scparately are inserted into the spool hole 21, Furthey, the separate actuators 141 and 14R are
provided for the respective two spools 121 and 12R, and the two spools 121 and 12R can move
independently. Therefore, the two spools 121 and 12R which have moved together in order {o
expand or contract the hydraunlic cylinder 2 can be moved individually therefrom, and the flow
rates of the operating oil supplied to and discharged from the hydranlic eylinder 2 can be

controlled independently.
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{00671 For examiple, when contracting the hydraulic cylinder 2 in order to move the
constituting member in a dircction in which the own weight of the constituting member acts, as
shown in Fig. 6, only the first spool 121 at the first discharge position is moved without moving
the second spool 12R.  In this case, the opening degree between the first tank port 221 and the
first supply/discharge port 24L 1s reduced by moving the first spool 12L to the first side in the
axial direction by the first actuator 14L.  With thig, the amount of operating oil discharged from
the head-side otl chamber 2a is linuted, and this limits the operating speed of the hydraulic
cylinder 2.

[D06%] Further, according to the flow control valve apparatus 1, as described above, the
interval X is formoed between the two spools 121 and 12R.  Even when the two spools 121 and
12R are moved 50 as to get close to each other, the two spools 121 and 12R do not contact each
other as long as the movement distance is less than the mterval X, and the two spools 121 and
12R can wove independently.  Therefore, as shown in Fig. 7, without moving the second spool
12R, the first spool 121 at the first supply position can be moved so as to get close to the second
spool 12R {i.e., can be moved {o the second side in the axial divection).  With this, the opening
degree between the first pump port 261 and the first supply/discharge port 241 can be increased.
Thus, the amount of operating o1l supplied to the head-side o1l chamber Z2a can be increased, and
this can increase the hydraulic pressure in the head-side oil chamber 2a.  Therefore, the
hydraulic evlinder 2 can be expanded against the own weight of the constituting member, and the
decrease in the operating speed of the hydraulic cylinder 2 can be suppressed. It should be
noted that the opening degree between the second tank port 22R and the second supply/discharge
port 24R may be increased by moving the first spool 121 to the second side in the axial direction
and also moving the second spool 12R to the second side in the axial divection.  With this,
resistance when discharging the operating oil can be suppressed.

130681 As above, according to the flow coutrol valve apparatus 1, as with a case wherc a
meter-in flow control valve and a meter-out flow coutrol valve are separately provided for the
hydraulic cylinder 2, the flow rates of the operating ot supplied to and discharged from the
hydraulic cylinder 2 can be controlled independently.  Therefore, the influence of the own
weight of the constituting member on the operating speed of the hydraulic cylinder 2 with
respect to the manipulation amount of the operation tool can be suppressed in such a manner that
the controller 40 detects the direction and magnitude of the own weight of the constituting
member in advance, controls the current supplied to the first actuator 141, and limits a reduction
amount of the opening degree.

100701 Further, according to the flow control valve apparatus 1, unlike a case where the
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meter-in flow control valve and the meter-out flow control valve are separately provided for the
tiydraulic cylinder 2, the two spools 121 and 12R are inserted into the single speol hole 21.
Therefore, the number of spoo! holes 21 of the block 11 used in the flow control valve apparatus
1 can be suppressed to 2 minimum, and the increase in size of the block 11 can be suppressed.
{00713 Further, according to the flow control valve apparatus |, since the two spools 121
and 12R are arranged close to each other, the two spools 121 and 12R operate as below.  Tobe
specifie, even when one of the two actuators 141 and 14R cannot be supplied with the current
due to disconnection or the hike, and therefore, cannot be driven, the other of the two actuators
140 and 14R can beused.  For example, if disconnection occurs between the second actuator
14R and the controller 40, and therefore, the second actuator 14R malfunctions, the second spool
2R do not move from the second neutral position.  On the other hand, by supplyving the current
from the controller 40 to the first actuator 141, the first spoel 121 moves to the second side in
the axial divection to get close to and contact the second spool 12R (see Fig. R), By further
supplying the current to the first actuator 141, the first spool 121 pushes the second spool 12R to
the second side in the axial direction, and therefore, the first and second spools 12L and 12R
integrally move to the second side in the axial direction in the spool hole 21, With this, the first
spool 121 can be moved o a second offset position, and the second spool 2R which donot
move from the second neutral position can be moved to a first offset position.
(0072} As above, even when the operating oil is supplied to the head-side oil chamber 2a by
moving the first spool 121 to the second offset position in a state where the second actuator 14R
malfunctions, the operating oil can be discharged from the rod-side oil chamber 2b.  Therefore,
the hydraulic pressure in the head-side oil chamber 2a can be prevented from becoming high
The same s true for a case where the first actuator 141 malfimctions.  To be specific, even
when the operating oil is supplied to the rod-side oil chamber 2b by moving the second spogl
128 to the second offset position, the operating otl can be discharged from the head-side o1l
chamber 2a.  With this, the hydraulic pressure in the rod-side oil chamber 2a can be prevented
from becoming high.  Thus, fail safe can be achioved.
{D073] The foregoing has explained a case where both of the spools 121 and 12R move.
The following will explain a case where one of the two spools 121 and 12R cannot move at all
due to its malfunction or due to the malfunction of the actuator 14L or 14R (for cxamiple, a case
where sticking of one of the spools 121 and 12R or one of the actuators 14L and 14R oceurs
because of some reasons (such as entering of foreign matters).  For example, if the second spool
12R cannot move from the second neuiral position, and the first actuator 14L moves the first

spool 121 to the second side in the axial direction, {.e., in a direction toward the second spool
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12R, the first spool 12L contacts the second spool 12R soon,  With this, the movement distance

=

of the first spool 121 is restricted to the interval X, To be specitic, the second spool 12R serves
as astopper.  The interval X is predetenmimed based on: relations (such as lengths and
arrangement positions) among the ports 221 to 26R and the rounds 13L and 13R; and the lengths
of the spocls 12L and 12R.  With this, the opening degree between the first pump port 261 and
the first supply/discharge port 241 can be prevented from excessively increasing.  Therefore,
the hydraulic pressure in the head-side oil chamber 2a can be prevented from excessively
increasing.  Thus, fail safe can be achieved.

Further, for example, if the second spool 12R cannot move from the second neutral
position, and the first actuator 141 moves the first spool 121 to the second side in the axial
direction, i.e., in a direction toward the second spool 12R, the first spool 121 contacts the second
spool 12R soon. By further moving the first spool 121 to the second side in the axial direction,
the second spool 12R 18 forcibly pushed, and this can eliminate the sticking of the second spool
12K, Even when the sticking of the fitst spool 121 occurs, it can be eliminated in the same
Way.

{0074] It should be noted that in the flow control valve apparatus 1, the tank ports 221 and
22K are formed at an outer side of the block 11.  Therefore, when the actuator 14L or 14R
malfunctions or the spool 12L or 12R becomes inoperative, and one of the spools 121 and 2R i
moved in a direction away from the other of the spools 121 and 12R, the supply/discharge port
241 or 24R is connected to the tank port 221 or 22R.  Therelore, fail safe can be achieved.
(0073} According to the flow control valve apparatus | configured as above, when the two
spools 121 and 12R are moved to the first side in the axial direction, the two spools 120 and 12R
move to the first discharge position and the second supply position, respectively.  Further, when
the two spools 121 and 12R are moved to the second side in the axial direction, the two spools
I2L and 12R move to the first supply position and the second discharge position, respectively.
Therefore, even though the two spools 121 and 12R are inserted into and arranged in the single
spool hole 21, the two spools 121 and 12R can be moved without interfering with sach other,
Thus, the two spools 121 and 12R can be arranged close to cach other.  On this account, as
compared 10 a case where the two spools 121 and 12R move in different directions, the length of
the spool hele 21 can be made short, and the increase in size of the block 11 can be suppressed.
04767 Farther, according to the flow conirol valve apparatas 1, in order to move the spools
12E and 12R, the first and second actuators capable of pushing and pulling the spools 121 and
F2R arc adopted. 'With this, only by arranging the actuator at the first side of the spool 12Lin

the axial direction and arranging the actuoator at the second side of the spool 12R in the axial
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direction, the two spools 121 and 12R can reciprocate in the axial divection.  Therefore, as
compared toa case where driving portions are arranged at both axial sides of each of the two
spocls 121 and 12R, the flow control valve apparatus 1 can be reduced in size.
FGG771 Further, since the linear motion eleciric actuators each constituted by the servo motor
and the ball screw are used in the flow control valve apparatus 1, the positions of the two spools
121 and 12R can be adjusted with 2 high degree of accuracy.  Thus, the operating cil can be
accurately supplied or discharged at the flow rate corresponding to the current.
{00781 Further, according to the flow control valve apparatus 1, the spool 121 1s biased hy
the hiasing mechanism 161 toward the neutral position, and the spool 12R is biased by the
biasing mechanism 16R toward the neutral position.  Therefore, even if the two actuators 141
and 14R malfunction, the pressure oil can be prevented from being continuously supplied to the
hydraulic eylinder 2. Thus, fail safe can be achieved.
{00791 Other Embodiments

The foregoing has explained a case where the flow control valve apparatus 1 of the
present embodiment is applied to a hydraulic excavator.  However, the industrial machinery to
which the flow control valve apparatus 1 of the present embodiment is applied is not limited to
the hydraulic excavator and may be an industrial machinery, such as a wheel loader or a crane,
including a hydraulic eylinder.  Further, equipment to which the flow control valve apparatus 1
is applied is not limited to the hydraulic eylinder and may be Hquid-pressure eguipment, such as
a hydraulic motor.
[BO8G] Further, according to the flow control valve apparatus 1, the tank port 221 (22R}, the
supply/discharge port 241 {24R), and the pump port 261 (26R) are formed at the block 11 in this
order from an outer side toward an inner side.  However, the arrangement positions of these
ports are not hunited,  For example, the tank port 221 (22R), the supply/discharge port 241
{24R}, and the pump port 26L (26R) may be formed in this order from the inner side to the outer
side.  In this case, two rounds are formed at the spool 121 (12R), and at the neutral position, the
two rounds are arranged so as to face the tank port 221 (22R) and the pump port 26L (26R),
respectively.  Further, only the positions of the second tank port 22R and the second pump port
26R may be replaced with each other.
(0081} Further, according to the flow control valve apparatus 1 of the present embodiment,
the linear motion ¢clectric actuators each including the ball screw are adopted as the first and
second actuators 146 and 14R.  However, the first and second actuators 140 and 14R do not
necessarily have to be configured as above.  The first and second actuators 141 and 14R are

only requirved to linearly move the respective spools 12L and 12R.  Each of the spools 121 and
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I2R may be linearly moved by using a linear motoy, a voice coil motor, a cam mechanism, a rack
and pinion mechanism, or the like.
{0082} Further, according to the flow control valve apparatus | of the present embodiment,
the two spools 121 and 12R are arranged close to gach other.  However, the two spools 121 and
12R do not necessarily have to be arranged close to cach other and may be arranged away from
gach other
[0083] From the foregoing explanation, many moedifications and other embodiments of the
present invention are obvious to one skilled in the art.  Therefore, the foregoing explanation
should be interpreted only as an example and is provided for the purpose of teaching the best
mode for carrying out the present invention to one skilled in the art.  The structures and/or
functional details may be substantially modified within the scope of the present invention.
Reference Signs List
100841 1 flow conirol valve apparatos

11 block

121 spool

12ZR spool

4L first actuator

4R second actuator

161  first biasing mechanism

18R second biasing mechanism

21 spool hole

221 first tank port

22R  second tank port

241 first supply/discharge port

24R  second supply/discharge port

261 first pump port

26R. second pump port
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CLAIMS
1. A flow control valve apparatus comprising:

a housing including a first pump port, a second pump port, a first tank port, a second
tank port, a first supply/discharge port, a second supply/discharge port, and a spool hole at which
all of these ports are open;

a first spool configured to switch a connection status among the first pump port, the
first tank port, and the first supply/discharge port depending on a position of the first spool,

a first actuator configured to move the first spool to each of a first supply position
where the first pump port and the first supply/discharge port are connected to each other and a
first discharge position where the first tank port and the first supply/discharge port are connected
to each other;

a second spool configured to switch a connection status among the second pump port,
the second tank port, and the second supply/discharge port depending on a position of the second
spool; and

a second actuator configured to move the second spool to each of a second supply
position where the second pump port and the second supply/discharge port are connected to each
other and a second discharge position where the second tank port and the second
supply/discharge port are connected to each other;

wherein when the first spool is located at a first neutral position, the first spool
blocks the first pump port, the first tank port, and the first supply/discharge port,

wherein when the second spool is located at a second neutral position, the second
spool blocks the second pump port, the second tank port, and the second supply/discharge port,
and wherein

the first spool and the second spool are inserted in the spool hole so as to reciprocate,
and the first spool and the second spool are configured to move independently of each other by
the first actuator and the second actuator, respectively.

2. The flow control valve apparatus according to claim 1, wherein the two pump ports,
the two tank ports, the first supply/discharge port, and the second supply/discharge port are
arranged such that: when the first spool and the second spool move to a first side in a
predetermined direction, the first spool is located at the first supply position, and the second
spool is located at the second discharge position; and when the first spool and the second spool
move to a second side in the predetermined direction, the first spool is located at the first
discharge position, and the second spool is located at the second supply position.

3. The flow control valve apparatus according to claim 2, wherein the first and second
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spools are arranged close to each other in the spool hole.
4. The flow control valve apparatus according to claim 2 or 3, wherein:

the first actuator pushes and pulls the first spool to make the first spool reciprocate;

the second actuator pushes and pulls the second spool to make the second spool
reciprocate;

the first actuator is arranged at the first side of the housing in the predetermined
direction; and

the second actuator is arranged at the second side of the housing in the
predetermined direction.
5. The flow control valve apparatus according to claim 4, further comprising:

a first biasing mechanism configured to bias the first spool against pushing and
pulling by the first actuator; and

a second biasing mechanism configured to bias the second spool against pushing and

pulling by the second actuator, wherein:

the first biasing mechanism biases the first spool toward the first neutral position;

and

the second biasing mechanism biases the second spool toward the second neutral
position.
6. The flow control valve apparatus according to claim 1, wherein the first actuator and

the second actuator are linear motion electric actuators.
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