TITLE OF INVENTION
ELECTRO-HYDRAULIC ACTUATOR AND BRAKE DEVICE

Technical field
[0001]
The present invention relates to an electro-

hydraulic actuator and a brake device.

Background Art
[0002]

An electro-hydraulic actuator includes a pump
(impeller pump, gear pump, etc.) operated by a motor, a
hydraulic actuator operated by hydraulic fluid
(hydraulic o0il, etc.) pressurized by the pump, and a
hydraulic circuit. The hydraulic circuit includes a flow
path for the hydraulic fluid that connects the pump, a
reservoir, and the hydraulic actuator, and a valve
mechanism disposed within the flow path that supplies
the hydraulic fluid accumulated in the reservoir to the
hydraulic actuator to operate the hydraulic actuator and
discharges the hydraulic fluid from the hydraulic
actuator in an operating state toward the reservoir.
[0003]

As an electro-hydraulic actuator, electric oil-
hydraulic cylinders that use an o0il hydraulic cylinder
as the hydraulic actuator are well known. The hydraulic
circuit (hydraulic o0il circuit) of the electric oil
hydraulic cylinder controls a pump operated by the power
of a motor and a valve mechanism installed 1in an
appropriate position of the hydraulic circuit, and, for
example, forms a flow path of hydraulic oil, which is

the hydraulic fluid, in the order of the reservoir, the
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pump, and the hydraulic cylinder, fills a cylinder tube
of the o0il hydraulic cylinder with hydraulic oil, and
pushes up a piston. Note that some other mechanism to be
operated is connected to the tip of the piston rod, and
the operation of the other mechanism is linked to the
operation of the electric o0il hydraulic cylinder. 1In
addition, the piston is constantly biased in a direction
to be pushed down by the restoring force of the other
mechanism or a mechanism such as a spring (hereinafter
sometimes referred to as a "biasing mechanism") provided
in the electric o0il hydraulic cylinder, and when the
supply of hydraulic oil to the cylinder tube is stopped
by the hydraulic circuit and a flow path connecting the
inside of the cylinder tube and the reservoir is formed,
the piston is pushed down by the biasing mechanism.
[0004]

The electric o0il hydraulic cylinder 1is wused, for
example, 1in an electric booster brake. In the electric
booster brake, when the electric o0il hydraulic cylinder
is energized to push up the piston rod, a braking
mechanism such as a drum brake or a disk brake operates
to release the brake pads. The braking mechanism 1is
constantly biased in a direction to return to a braking
state by a spring or the like, and when the power supply
to the electric o0il hydraulic cylinder 1is turned off,
the hydraulic o0il in the hydraulic cylinder is discharged
and the biasing force of the braking mechanism presses
the brake pads against the brake drum or brake disk.
This causes the brake device to enter a braking state.
The hydraulic circuit of the electric o0il hydraulic
cylinder used in the electric booster brake includes an

electromagnetic valve and its control circuit, and forms

2



a flow path for filling the hydraulic cylinder with
hydraulic o0il and returning the filled hydraulic oil to
a reservoir by controlling the opening and closing of
the electromagnetic valve disposed at an appropriate
position in the flow path.

[0005]

The electric o0il hydraulic cylinder used in the
electric o0il hydraulic booster brake is disclosed as an
"electro-hydraulic brake release device" in, for
example, the following Patent Documents 1 and 2. Also,
the following Patent Document 3 discloses an "electro-
hydraulic actuator" and a "disc brake device" equipped

with the electro-hydraulic actuator.

Citation List
Patent Documents

[0006]
Patent Document 1 Patent No. 6322699
Patent Document 2 Patent No. 6353036

Patent Document 3 Patent No. 7262870

SUMMARY OF INVENTION

Technical Problem
[0007]

Generally, in the hydraulic circuit of an electro-
hydraulic actuator, solenoid wvalves are arranged at
appropriate positions in the flow path of the hydraulic
fluid. By controlling the opening and closing of the
appropriate solenoid wvalves, the hydraulic circuit can
quickly switch between a flow path for directing the
hydraulic fluid pressurized by the pump to the hydraulic

actuator and a flow path for forcibly discharging the
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hydraulic fluid from the hydraulic actuator and
returning it to the reservoir. In this way, the solenoid
valve can operate the hydraulic circuit at high speed
and with high precision.

[0008]

However, since the solenoid valves require
electricity, the hydraulic circuit <cannot operate
normally if the supply of electricity 1is stopped. The
solenoid valves may also malfunction due to electrical
interference from their surroundings. Therefore, when
an electro-hydraulic actuator 1s used for an electric
booster brake, a hydraulic circuit equipped with some
kind of safety mechanism is required to reliably
discharge the hydraulic fluid in the actuator even in
the event of a power outage or when the solenoid valve
malfunctions. Daily maintenance and inspection are also
required to ensure that the safety mechanism operates
reliably in the event of an emergency. Therefore, the
installation costs and maintenance costs of an electro-
hydraulic actuator are 1likely to increase due to the
hydraulic circuit equipped with a solenoid wvalve.

[0009]

Furthermore, when a solenoid valve is energized for
a long period of time or when it is operated repeatedly
at a high frequency, the power consumption increases.
Increased power consumption leads to higher zrunning
costs. In addition, unlike a motor, a solenoid valve in
an electro-hydraulic actuator is in direct contact with
the hydraulic fluid, and therefore the viscosity of the
hydraulic fluid may decrease due to heat generated by
increased power consumption, which may result in the

hydraulic pressure required for the operation of the
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hydraulic actuator not Dbeing obtained. If a cooling
mechanism or the 1like 1s provided 1in the electro-
hydraulic actuator as a countermeasure against heat
generation, it becomes difficult to miniaturize the
electro-hydraulic actuator and to provide the electro-
hydraulic actuator at a lower cost.

[0010]

Accordingly, the present invention has been made
to solve the above-mentioned problems, and aims to
provide an electro-hydraulic actuator equipped with a
hydraulic circuit that can reliably discharge the
hydraulic fluid in the actuator without using a solenoid
valve, and a brake device equipped with such an electro-
hydraulic actuator.

Solution to Problem
[0011]

To achieve the above-described object, the present
invention provides an electro-hydraulic actuator
including a motor that outputs rotational power;

a pump operated by the rotational power of the
motor;

a hydraulic actuator operated by hydraulic fluid
pressurized by the pump;

a reservoir for storing the hydraulic fluid; and

a hydraulic circuit for hydraulically controlling
operation of the hydraulic actuator,

wherein the hydraulic actuator reciprocates
between a first operating state and a second operating
state in response to a hydraulic pressure of the supplied
hydraulic fluid, and is constantly biased in a direction
returning to the first operating state;

wherein the hydraulic circuit includes:
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a pressurizing flow path for supplying the
hydraulic fluid pressurized by the pump to the hydraulic
actuator;

a pressure reducing flow path that connects the
hydraulic actuator and the reservoir via an unloading
valve in an openably closable manner;

a pilot flow path for supplying hydraulic oil
pressurized to a pilot pressure to the unloading wvalve
in order to close the pressure reducing flow path;

a pilot pressure generating mechanism that
generates the pilot pressure; and

a check valve disposed within the pressurizing flow
path for allowing the hydraulic fluid to pass only in a
forward direction from the pump to the hydraulic
actuator,

wherein the pilot pressure generating mechanism
generates the pilot pressure during operation of the
pump,

the pilot flow path branches off midway from the
pump to the check valve in the pressurizing flow path
and reaches the unloading valve, and

during operation of the pump, the pilot pressure
is generated, causing the pump to transition to the
second operating state, and when the pump stops, the
pilot pressure disappears, the pressure reducing flow
path 1is opened, and the pump returns to the first
operating state.

[0012]

The electro-hydraulic actuator may be configured
such that a throttle mechanism constituting the pilot
pressure generating mechanism and the check wvalve are

disposed, in that order, in the pressurizing flow path
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extending from the pump to the hydraulic actuator. The
throttle mechanism may be an orifice.
[0013]

The check wvalve may also serve as the pilot
pressure generating mechanism, delivering the hydraulic
fluid in a direction toward the hydraulic actuator when
the hydraulic fluid supplied from the pump has a
predetermined pilot pressure or higher.

[0014]

The electro-hydraulic actuator may be one in which
the pilot pressure generating mechanism is composed of
an unloading relief wvalve having a parent valve and a
child valve, and a throttle mechanism,

the parent wvalve has a built-in throttle wvalve, a
parent valve primary port connected to the pilot flow
path, a parent valve secondary port connected to a flow
path communicating with the reservoir, a parent valve
pilot port communicating with the parent wvalve primary
port via the throttle valve, and has, with a
predetermined direction being the up-down direction, a
parent valve spool that is urged upward by hydraulic
pressure at the parent valve primary port, and a parent
valve spring that urges the parent valve spool downward,

the child wvalve has a child wvalve primary port
connected to the parent wvalve pilot port, a child wvalve
secondary port connected to a flow path communicating
with the reservoir via the throttle mechanism, and a
child valve pilot port connected to a flow path from the
check wvalve to the hydraulic actuator, and has, with a
predetermined direction being a vertical direction, a
valve body that is urged upward by hydraulic pressure at

the child wvalve primary port, a child valve spool that
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is urged upward by hydraulic pressure at the child valve
pilot port, and a child valve spring that urges the valve
body downward,

the child wvalve distributes hydraulic pressure Pl
at the child valve primary port into hydraulic pressure
P2, which presses the valve body upward, and hydraulic
pressure P3, which ©presses the child wvalve spool
downward, with P2>P3, and when the hydraulic pressure Pl
reaches a predetermined cutout pressure, the wvalve body
is pressed in one direction, opening the child wvalve
primary port and the child valve secondary port to enter
an unloaded state,

the parent wvalve spool 1is pressed upward by a
pressure difference between the hydraulic pressure Pl on
the parent valve pilot port side, which has been reduced
in association with the unloaded state of the child
valve, and hydraulic pressure P5 on the parent wvalve
primary port side, thereby opening the parent valve
primary port and the parent valve secondary port and
putting the parent wvalve in an unloaded state,

when the child wvalve is in an unloaded state, the
unloaded state is maintained by hydraulic pressure P4 at
the child valve pilot port,

when both the parent valve and the child valve are
in the wunloaded state, the hydraulic pressure P5 1is
maintained at the pilot pressure by the hydraulic
pressure Pl generated by the passing resistance of the
throttle mechanism and the hydraulic pressure generated
by the parent valve spring urging the parent valve spool
downward, and the hydraulic actuator is maintained in
the second operating state by the hydraulic pressure P4.

[0015]



The electro-hydraulic actuator may be one in which
the unloading relief valve is a single integrated unit
in which the parent valve and the child wvalve are
attached to a metal block in which a flow path for the
hydraulic fluid is formed, and the parent valve and the
child valve are cartridges configured to be attachably
detachable from the metal block. The throttle mechanism
may be disposed within the flow path formed in the metal
block, and the unit may constitute the pilot pressure
generating mechanism.

[0016]

The electro-hydraulic actuator may be one in which
the hydraulic circuit includes a flow path that branches
off from the pilot flow path, passes through a throttle
mechanism, and reaches the reservoir; and the throttle
mechanism has a flow path resistance higher than a flow
path resistance of the pilot ©pressure generating
mechanism when the pump is in operation, and eliminates
residual pressure of the hydraulic fluid remaining in a
flow path from the pump to the pilot pressure generating
mechanism in the pressurizing flow path and in the pilot
flow path when the pump is stopped.

[0017]

In any of the above-described electro-hydraulic
actuators, the hydraulic actuator may be a direct-acting
hydraulic actuator. The electro-hydraulic actuator may
be in the first operating state when the piston of the
direct-acting hydraulic actuator 1s at bottom dead
center, and in the second operating state when the piston
is at top dead center, and the piston is biased in the
direction toward Dbottom dead center by an external

mechanism connected to a tip of a piston rod. The
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electro-hydraulic actuator may be in the first operating
state when the piston of the direct-acting hydraulic
actuator 1s at bottom dead center, and in the second
operating state when the piston is at top dead center,
and may include a spring mechanism that constantly biases
the piston toward bottom dead center.

[0018]

The scope of the present invention also includes a
brake device equipped with an electro-hydraulic actuator
in which the hydraulic actuator 1is a direct-acting
hydraulic actuator, the brake device having a braking
mechanism that presses or separates Dbrake 1linings
against both sides of a circular brake disc, the braking
mechanism being constantly biased in the direction of a
braking state, and the braking state of the brake disc
being released when the electro-hydraulic actuator is in
the second operating state, and the brake disc being in
a braking state when the electro-hydraulic actuator 1is
in the first operating state.

[0019]

A brake device equipped with an electro-hydraulic
actuator in which the hydraulic actuator 1is a direct-
acting hydraulic actuator can also be a brake device
that includes a braking mechanism that presses or
separates brake linings against both sides of a circular
brake disc, and in which the braking mechanism releases
the braking state of the brake disc when in the second
operating state and the brake disc is in a braking state
when in the first operating state.

Advantages of the Invention
[0020]

According to the present invention, there 1is
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provided an electro-hydraulic actuator having a
hydraulic circuit capable of reliably discharging the
hydraulic fluid 1inside the actuator without wusing a
solenoid valve, and a brake device having the electro-
hydraulic actuator. Other advantages will become

apparent from the following description.

BRIEF DESCRIPTION OF DRAWINGS
[0021]

FIG. 1A 1is a diagram illustrating the external
appearance of an electro-hydraulic actuator according to
an embodiment.

FIG. 1B is a diagram illustrating the configuration
inside a housing of an electro-hydraulic actuator
according to the embodiment.

FIG. 2 is a cross-sectional wview along line aa in
FIG. 1A, illustrating the 1internal structure of the
electro-hydraulic actuator according to the embodiment.

FIG. 3A 1is a diagram illustrating the external
appearance of a pump constituting an electro-hydraulic
actuator according to the embodiment.

FIG. 3B 1is a diagram 1illustrating the internal
structure of a pump constituting an electro-hydraulic
actuator according to the embodiment.

FIG. 4 1s a diagram illustrating a hydraulic
circuit of an electro-hydraulic actuator according to
the embodiment.

FIG. 5A 1s a diagram illustrating a schematic
structure of an unloading valve that constitutes the
hydraulic circuit, illustrating a state 1in which an
internal flow path of the unloading valve is open.

FIG. 5B is a diagram illustrating a schematic structure
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of an unloading wvalve that constitutes the hydraulic
circuit, illustrating a state in which the internal flow
path of the unloading wvalve is closed.

FIG. 6 is a diagram illustrating a first variation
of a hydraulic circuit of the electro-hydraulic actuator
according to the embodiment.

FIG. 7 is a diagram illustrating a second variation
of a hydraulic circuit of the electro-hydraulic actuator
according to the embodiment.

FIG. 8 is a diagram for explaining the operation
of a parent valve of an unloading relief wvalve that
constitutes a hydraulic circuit in the second variation.

FIG. 9 is a diagram for explaining the operation
of a child wvalve of an unloading relief wvalve that
constitutes a hydraulic circuit in the second variation.

FIG. 10 1is a timing chart for explaining the
operation of a hydraulic circuit in the second variation.

FIG. 11 is a diagram illustrating an wunloading
relief valve unit in the second wvariation, in which the
parent valve and the child valve formed of a cartridge
are attached to a metal block.

FIG. 12 is a diagram illustrating another example
of the unloading relief valve.

FIG. 13 1s a diagram 1illustrating a schematic
structure of a hydraulic cylinder incorporating a spring
that can be used in the electro-hydraulic actuator

according to the embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[0022]
CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to Japanese Patent
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Application No. 2023-095586 filed on June 9, 2023, and
Japanese Patent Application No. 2024-016498 filed on
February 6, 2024, the entire contents of each of which
are incorporated by reference.

Embodiments of the present invention are described
below with reference to the accompanying drawings. In
the drawings used in the following description, the same
or similar parts may be designated by the same reference
numerals and redundant description may be omitted. 1In
some drawings, unnecessary reference numerals may be
omitted from the description.

[0023]

Embodiments

Electro-hydraulic Actuator

As an embodiment of the present invention, an
electric o0il hydraulic cylinder wusing a hydraulic
cylinder that is a direct-acting hydraulic actuator as
a hydraulic actuator is described. FIG. 1A is a diagram
illustrating the external appearance of an electro-
hydraulic actuator (hereinafter, sometimes referred to
as "thruster 1") according to a first embodiment, and
FIG. 1B 1is a diagram illustrating the configuration
inside the housing of the thruster 1. As shown in FIG.
1A, the thruster 1 has a square cylindrical appearance
shape, and a clevis 11 for fixing the thruster 1 to other
equipment 1s attached to one end surface. At the other
end side, the tip side of a piston rod 52 of a built-in
hydraulic <cylinder protrudes so as to be able to
reciprocate in the axial direction. At the tip of the
piston rod 52, a head 12 is attached that is connected
to a mechanism (hereinafter, sometimes referred to as

"external mechanism") linked to the operation of the
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thruster 1. In addition, a hole 19 for attaching the
external mechanism is formed in the head 12.
[0024]

If the direction of reciprocating motion of the
piston rod 52 is defined as the up-down direction, and
the up-down directions of the thruster 1 are defined as
the piston rod 52 protruding above the thruster 1, then
the thruster 1 has an overall structure in which an upper
structure and a lower structure are connected via a flat
rectangular tubular metal block 2 whose thickness

direction is the up-down direction. The upper structure

of thruster 1 1is a housing (hereinafter sometimes
referred to as "upper housing") that is composed of the
metal Dblock (hereinafter sometimes referred to as

"connecting block 2"), a hollow rectangular tubular
cover (hereinafter sometimes referred to as "upper cover
13"), and a metal plate (hereinafter sometimes referred
to as "upper cover plate 15") with an insertion hole 14
for the piston rod 52, and the members and mechanisms
that constitute thruster 1 are housed within this upper
housing. The lower structure includes a housing
(hereinafter sometimes referred to as “lower housing”)
consisting of the connecting block 2, a hollow
rectangular cylindrical cover (hereinafter sometimes
referred to as “lower cover 16”), and a metal plate
(hereinafter sometimes referred to as “base plate 17")
to which a clevis 11 is attached, and the components and
mechanisms that constitute the thruster 1 are also housed
within this lower housing.
[0025]

As illustrated in FIG. 1B, a motor 3 is installed

in the lower housing of the thruster 1. The connecting
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block 2 and the base plate 17 are connected via mounting
bolts 18, and when the mounting bolts 18 are fastened,
the lower cover 1s sandwiched between the connecting
block 2 and the base plate 17 to form the lower housing.
The upper housing is formed when the mounting bolts 18
that connect the connecting block 2 and the top cover
plate 15 are fastened, and the upper cover is sandwiched
between the connecting block 2 and the base plate 17.
[0026]

The space in the upper housing is mostly occupied
by a reservoir 4 filled with hydraulic oil. The reservoir
4 is formed by a closed space formed by the upper surface
of the connecting block 2, a hollow cylindrical reservoir
case 41 coaxially inscribed with the hollow rectangular
cylindrical upper cover 13, and the lower surface of the
upper cover plate 15. In the thruster 1 according to the
embodiment, a cylindrical metal block (hereinafter
sometimes referred to as "manifold block 6") in which a
flow path for the hydraulic o0il is formed, a hydraulic
cylinder 5, and various valves (61, 62) arranged at
appropriate positions in the hydraulic circuit, etc.,
are contained in the reservoir 4. In addition, the lower
end side of the cylinder tube 51, which serves as the
housing of the hydraulic cylinder 5, and various valves
(61, ©62) are attached to the wupper surface of the
manifold block 6. Furthermore, a pump is installed in a
space formed inside the manifold block 6.

[0027]

The internal structure of the thruster 1 is shown
in FIG. 2. FIG. 2 1is a cross-sectional view along the
line aa in FIG. 1A. In FIG. 2, a part of the thruster 1

is shown by hatching so that the internal structure of
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the thruster 1 can be easily understood. Below, the
configuration and structure of the thruster 1 1is
described with reference to FIG. 2.

[0028]

The motor 3 is disposed within the lower housing
and 1is covered by a hollow cylindrical motor case 32.
The motor shaft 31 has a rotation axis in the vertical
direction and protrudes upward from the motor case 32.
The lower end of the motor shaft 31 is supported by a
bearing 33 using ball bearings provided on the base plate
17.

[0029]

A hole (hereinafter sometimes referred to as
"communication hole 21") that connects the upper surface
and the lower surface is formed in the connecting block
2, and the upper end side of the motor shaft 31 is
inserted into this communication hole 21. A bearing 22
for the motor shaft 31 using ball Dbearings is
incorporated inside the connecting block 2, and part of
the flow path included in the hydraulic circuit is also
formed.

[0030]

In the present embodiment, the pump 7 is an
external gear pump, and the end of the motor shaft 31 is
connected to the end of the drive shaft 71 of the pump
through a connecting member 23 in the connecting block
2. In this manner, the connecting block 2 functions to
connect the structures above and below it. Note that the
flow paths in the connecting block 2 and manifold block
6 are formed by forming holes (hereinafter sometimes
referred to as "machined holes") from the outside of a

solid metal Dblock, as exemplified 1in the dotted
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elliptical region 100 in FIG. 2, and sealing the openings
of the machined holes with plugs.
[0031]

The upper and lower ends of a hollow cylindrical
reservoir case 41 housed in the upper housing are in
contact with the upper surface of the connecting block
2 and the lower surface of the upper cover plate 15 and
are sealed by O-rings or the 1like, thereby forming a
reservoir 4 consisting of an enclosed space.

[0032]

A cylindrical manifold block 6 arranged 1in the
reservoir 4 is attached to the connecting block 2, and
a flow path for hydraulic oil and a storage space 66 for
the pump 7 are formed inside. A circular recess 63 into
which the lower end of a single-body hydraulic cylinder
5 1is inserted is formed on the upper surface of the
manifold block 6. An opening (hereinafter sometimes
referred to as a "recess opening 64") that communicates
with the internal flow path is formed at the bottom of
this recess 63, and a port 54 that allows hydraulic oil
to flow in and out through this recess opening 64 is
provided at the lower end of the cylinder tube 51 of the
hydraulic cylinder 5. In addition, an opening 65 that
communicates with the internal flow path and to which
valves (61, 62) are attached 1is formed on the upper
surface of the manifold block 6. In addition, openings
(hereinafter sometimes referred to as "exhaust ports")
for returning the hydraulic oil in the flow path to the
reservoir 4 is formed on an appropriate surface of the
manifold block 6. In the thruster 1 according to the
first embodiment, exhaust ports (FIG. 1B, reference

numerals 68a, 68b) corresponding to each of the wvalves
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(61, 62) are formed on the side surface of the manifold
block 6. When the wvalves (61, ©62) are attached to the
manifold block 6, the wvalve mechanisms of the wvalves
(61, 62) are arranged so as to be disposed within
predetermined flow paths within the manifold block 6.
[0033]

A cylindrically hollowed-out storage space 66 for
the pump 7 is formed on the underside of the manifold
block 6. The pump 7 is attached to the connecting block
2 and disposed in the storage space 66. The pump 7 has
an intake port 72 for hydraulic oil opening on the side
perpendicular to the up-down direction, and a bell mouth
74 is attached to this opening wvia a coupling pipe 73.
A suction filter 75 for filtering foreign matter in the
hydraulic o0il is attached to the open end of the bell
mouth 74. An opening 67 cut into a rectangular shape 1is
formed on the side of the cylindrical manifold block 6.
This opening 67 communicates with the storage space 66
for the pump 7, and exposes the bell mouth 74 of the
pump 7 to the outside of the manifold block 6 in the
reservoir 4.

[0034]

The structure of the pump 7 is shown in FIGS. 3A
and 3B. FIG. 3A is a diagram illustrating the external
appearance of the pump 7, and FIG. 3B 1s a diagram
illustrating the internal structure of the pump 7. As
shown in FIG. 3A, the drive shaft 71 of the pump 7
protrudes downward through a shaft hole 174 formed in
the bottom surface of a housing (hereinafter, sometimes
referred to as "pump case 171"). In addition, a discharge
port 172 for hydraulic o0il 1is opened in the bottom

surface of the pump case 171. Furthermore, the pump case
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171 is also formed with an insertion hole 173 for a bolt
that penetrates in the vertical direction and attaches
the pump case 171 to the connecting block 2.

[0035]

As shown in FIG. 3B, the pump case 171 is composed
of a case body 17la in which storage space for gears
(175a, 175b) is formed, and a cover portion 171b covering
the underside of case body 17la. The case body 171la and
the cover portion 171b are integrally assembled into a
single unit with bolts or the like.

[0036]

A gear (hereinafter, drive gear 175a) that supports
the drive shaft 71 and a gear (hereinafter, driven gear
175b) that meshes with the drive gear 175a are built
into the case body 17la. In an area where the drive gear
175a and the driven gear 175b mesh, a pressure chamber
(hereinafter, sometimes referred to as "intake side
pressure chamber 176a") that communicates with the

intake port 72 and a pressure chamber (hereinafter,

sometimes referred to as "discharge side ©pressure
chamber 176b") that communicates with the discharge port
172 are formed. When drive gear 175a rotates

counterclockwise as viewed from below, pump 7 sends
hydraulic o0il fed from the intake port 72 to the intake
side pressure chamber 176a, and discharges hydraulic oil
from the discharge port 172 wvia the discharge side
pressure chamber 176b.
[0037]

Returning to FIG. 2, in the thruster 1, the pump 7
is fixed to the upper surface of the connecting block 2
by bolts (not shown). On the wupper surface of the

connecting block 2, at a position corresponding to the
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discharge port 172 of the pump 7, an inlet 24 for
hydraulic o0il, which is one end of a flow path formed
inside the connecting block 2, opens. The other end of
the flow path opens as an outlet 25 for hydraulic oil on
the upper surface of the connecting block 2. When the
manifold block 6 is attached to the connecting block 2,
the inlet 25 for hydraulic o0il on the manifold block 6
corresponds to the position of the outlet 25 on the
connecting block 2, and the flow path in the connecting
block 2 and the flow path in the manifold block 6 are
connected. A check valve (hereinafter sometimes referred
to as "check valve 26") is attached to the outlet 25 for
hydraulic oil on the connecting block 2 so that the
hydraulic o0il discharged from the pump 7 does not flow
back from the flow path on the manifold block 6 side to
the flow path on the connecting block 2 side. The basic
configuration of the thruster 1 described above is almost
the same as that of the electro-hydraulic actuator
described in the above-mentioned Patent Document 3, but
the hydraulic circuit of the thruster 1 according to the
embodiment does not have a solenoid wvalve, and the
operation of the hydraulic cylinder is controlled using
a valve mechanism that operates by hydraulic pressure.
The only electrically-driven component provided in the
thruster 1 is the motor 3. The configuration of the
hydraulic circuit provided in the thruster 1 according
to the embodiment and the operation of the thruster by
this hydraulic circuit are described below.
[0038]

Hydraulic Circuit Configuration

A hydraulic circuit diagram of the thruster 1

according to the embodiment is shown in FIG. 4. As shown
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in FIG. 4, the hydraulic circuit has a flow path
(hereinafter sometimes referred to as "pressurizing flow
path 201") that guides hydraulic oil pressurized by the
pump 7 to the port 54 of the cylinder tube 51 in order
to push up the piston 53, a flow path (hereinafter
sometimes referred to as "pressure adjustment flow path
202") that adjusts the hydraulic pressure 1inside the
cylinder tube 51 to a predetermined pressure (e.g., 50
bar) while maintaining the piston 53 at top dead center,
and a flow path (hereinafter sometimes referred to as
"pressure reduction flow path 203") that forcibly
discharges the hydraulic o0il in the cylinder tube 51
pressurized by the pump 7 toward the reservoir 4. In the
thruster 1 according to the embodiment, the piston 53 is
always biased downward by an external mechanism
connected to the head 12 at the tip of the piston rod 52
or a biasing mechanism 50 such as a spring attached to
the thruster 1.

[0039]

In the present embodiment, the pressure adjustment
flow path 202 is composed of a flow path 202a from the
port 54 of the cylinder tube 51 to a branch point 60 to
the relief wvalve 62, which also serves as a part of the
pressurization flow path 201; a flow path 202b from the
branch point 60 to the relief wvalve 62; and a flow path
203c from the relief wvalve 62 to the reservoir 4. As
shown in FIG. 1B and FIG. 2, the main body of the relief
valve 62 is attached to the manifold block 6. The relief
valve 62 has a primary port 621 to which hydraulic oil
is input and a secondary port 622 from which the input
hydraulic o0il 1is discharged. The primary port 621 1is

connected to the port 54 side of the cylinder tube 51
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and the secondary port 622 is connected to the reservoir
4.
[0040]

The pressure reducing flow path 203 is a flow path
for returning the hydraulic o0il in the cylinder tube 51
to the reservoir 4 wvia the unloading wvalve 61. The
unloading valve 61 used in the hydraulic circuit of the
thruster 1 according to the embodiment operates to close
the flow path between the primary port 611 into which
the hydraulic oil flows from the port 54 of the cylinder
tube 51 and the secondary port 612 which serves as an
outlet for the hydraulic oil that has flowed into the
primary port 611 when the hydraulic oil flowing into a
pilot port 613 reaches a predetermined hydraulic
pressure (e.g., 5 bar) or more. The unloading valve 61
opens and closes the flow path between the primary port
611 and the secondary port 612 according to the hydraulic
pressure of the hydraulic oil flowing into the pilot
port 613.

[0041]

The schematic structure of the unloading valve is
shown in FIGS. b5A and 5B. FIGS. 5A and 5B show the
unloading valve 61 installed in the manifold block 6,
with FIG. 5A illustrating an unloaded state in which the
flow path between the primary port 611 and the secondary
port 612 (hereinafter sometimes referred to as the
"internal flow path") is open, and FIG. 5B illustrating
a loaded state in which the internal flow path is closed.
[0042]

As shown in FIGS. 5A and 5B, the unloading valve
61 is configured such that a cylindrical valve body 614

that can slide in a liguid-tight state in the direction
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of a cylinder axis 617 is housed in a hollow cylindrical
housing 610. The primary port 611 and the secondary port
612 that open on the side of the housing 610 communicate
with the inside of the hollow housing 610. The pilot
port 613 opens on one end face of the hollow cylindrical
housing 610. A female thread is formed on the inside of
the other end face side. A hydraulic pressure (indicated
by a white arrow in the figure) for controlling the
opening and closing of the internal flow path is applied
to the pilot port 613, and a pressure adjusting screw
615 for adjusting the hydraulic pressure (hereinafter
sometimes referred to as "pilot pressure") required to
close the internal flow path is screwed into the female
thread. More specifically, if the direction of the
cylinder shaft 617 is defined as the up-down direction
and the pilot port 613 is provided at the lower end of
the housing 610, and the up-down directions of the
unloading valve 61 are defined, a spring 616 is disposed
between the lower end of the pressure adjusting screw
615 and the upper end of the cylindrical valve body 614,
and the pilot pressure can be adjusted by adjusting the
extent of screwing of the pressure adjusting screw 615.
Of course, an unloading valve in which the pilot pressure
is fixed so that it cannot be varied may be used.

[0043]

A wide groove 618 1s formed on the side of the
cylindrical valve body 614, circling the cylinder axis
617 and extending in the direction of the cylinder axis
617. As a result, the side of the wvalve body 614 is
separated from the inner surface of the housing 610 in
the region where the groove 618 is formed, and the side

of the valve body 614 is in close contact with the inner
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surface of the housing 610 outside the region where the
groove 618 is formed. When the hydraulic pressure in the
pilot port 613 is lower than the pilot pressure, as shown
in FIG. 5A, the valve body 614 moves downward due to the
biasing force of the spring 616 interposed between the
pressure adjusting screw 615 and the wvalve body 614,
such that the wide groove 618 is positioned to straddle
the primary port 611 and the secondary port 612 and the
internal flow path between the primary port 611 and the
secondary port 612 is opened. As a result, as shown by
the solid black arrow in FIG. 5A, the hydraulic oil in
the cylinder tube 51 is discharged through the unloading
valve 61 toward the reservoir 4.

[0044]

On the other hand, when the o0il pressure at pilot
port 613 is equal to or higher than the pilot pressure,
as shown in FIG. 5B, valve body 614 moves upward against
the biasing force of spring 616, and the side of wvalve
body 614 outside the formation area of groove 618 comes
into close contact with the inner surface of housing 610
in the area including the opening area of secondary port
612, thereby closing the internal flow path.

[0045]

In the present embodiment, the main body of the
unloading valve 61 is attached to the manifold block 6,
and in the manifold block 6 are formed a flow path (203a
to 203c) from the hydraulic cylinder 5 to the primary
port 611 of the unloading wvalve 61, and a flow path 203d
from the secondary port 612 to the reservoir 4, which
are part of the pressure reduction flow path 203. In
addition, as part of the pressure reduction flow path

203, a flow path 203f is formed which is connected to a
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flow path 203e formed in the connecting block 2 and which
continues to the pilot port 613. In the following, in
the pressure reduction flow path 203, the flow paths
(203a to 203d) from the port 54 of the hydraulic cylinder
5 to the reservoir 4 via the internal flow path of the
unloading valve 61 are referred to as discharge flow
path 300, and the flow paths (203e, 203f) from the pump
7 to the pilot port 613 of the unloading valve 61 are
referred to as pilot flow path 301.

[0046]

The pressurizing flow path 201 is composed of a
flow path 20la that runs from the inlet 24 in the
connecting block 2 through the check wvalve 26 to the
outlet 25, and a flow path 201b that is connected to the
outlet 25 in the manifold block 6 and runs to the port
54 of the hydraulic cylinder 5. A throttle mechanism 27
for adjusting the flow rate of hydraulic oil and a check
valve 26 for preventing backflow of hydraulic oil from
the hydraulic cylinder 5 and for allowing hydraulic oil
to pass only in the forward direction are arranged, in
that order, along the flow path 20la in the connecting
block 2 in the forward direction from the pump 7 to the
port 54. In the present embodiment, the throttle
mechanism 27 is an orifice that is a fixed throttle, and
this throttle mechanism 27 functions as a mechanism for
generating pilot pressure (hereinafter, sometimes
referred to as a pilot pressure generating mechanism 20) .
[0047]

In the ©pressurizing flow path 20la in the
connecting block 2, the flow path from the pump 7 to the
throttle mechanism 27 branches off at a branch point

121, and the branched flow path 203e in the connecting
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block 2 and the flow path 203f connected to the flow
path 203e and leading to the pilot port 613 of the
unloading valve 61 in the manifold block 6 become the
above-mentioned pilot flow path 301.

[0048]

Thruster Operation

Next, the operation of the thruster 1 according to
the embodiment 1s described. Here, the state in which
the piston 53 of the hydraulic cylinder 5 is at bottom
dead center in the thruster 1 is referred to as the first
operating state, and the state in which the piston 53 is
at top dead center is referred to as the second operating
state. Below, the operation of the thruster 1 from the
first operating state to the second operating state by
turning on the power and then turning off the power to
return to the first operating state is described with
reference to FIGS. 2 and 4.

[0049]

In the thruster 1 according to the embodiment, when
power 1is applied, the motor 3 1is driven to operate the
pump 7. The pump 7 continues to operate while power is
being supplied. When the pump 7 1is in operation, the
hydraulic o0il 1in the reservoir 4 continues to be
discharged toward the pressurizing flow path 201. The
hydraulic o0il discharged from the pump 7 is guided to
the pilot port 613 of the unloading valve 61 wvia the
pilot flow path 301, and the throttle mechanism 27
pressurizes the hydraulic oil filled in the pilot flow
path 301 to the pilot pressure, which closes the internal
flow path of the unloading valve 61. As shown by the
solid black arrows in FIG. 2, the hydraulic oil

pressurized to the pilot pressure passes through the
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throttle mechanism 27 and the check wvalve 26 of the
pressurizing flow path 201 toward the port 54 of the
hydraulic cylinder 5 and is supplied into the cylinder
tube 51.

[0050]

Since the hydraulic o0il flowing toward the port 54
through the check valve 26 does not flow back toward the
pump 7, as the pump 7 continues to operate, the hydraulic
oil fills the <cylinder tube 51 and increases the
hydraulic pressure in the cylinder tube 51. As a result,
the piston 53 at bottom dead center is pushed up against
the biasing mechanism 50 by an external mechanism or the
like. That is, the thruster 1 in the first operating
state operates toward the second operating state. As long
as power is supplied to the pump 7, the pump 7 continues
to operate even after the piston 53 reaches top dead
center, so that the cylinder tube 51 continues to be
pressurized even after the thruster 1 transitions to the
second operating state. When the hydraulic oil pressure
in the cylinder tube 51 becomes higher than the hydraulic
0il pressure set in the relief wvalve 62, a flow path
(hereinafter sometimes referred to as an "internal flow
path") 1is formed between the primary port 621 and the
secondary port 622 of the relief wvalve 62, and the
hydraulic oil flowing from the pump 7 toward the port 54
is returned to the reservoir 4 from the discharge port
68b via the relief wvalve 62. As a result, the pressure
inside the cylinder tube 51 is adjusted to the pressure
set in the relief wvalve 62, and the thruster 1 maintains
the second operating state.

[0051]

If the power is turned off at this point, the motor
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3 stops and the operation of pressurizing the hydraulic
0il by the pump 7 also stops. The hydraulic pressure in
the pilot flow path 301 disappears when the pump 7 stops,
and at almost the same time, the internal flow path of
the unloading wvalve 61 opens, forming a discharge flow
path 300 from the port 54 to the reservoir 4. This causes
the hydraulic pressure 1in the <cylinder tube 51 to
decrease rapidly. In addition, the piston 53 is pushed
downward by the biasing force of the external mechanism
and the hydraulic oil in the cylinder tube 51 is quickly
returned to the reservoir tank from the discharge port
68a via the discharge flow path 300. In this way, the
thruster 1 returns to the first operating state.

[0052]

In this way, the thruster 1 according to the
embodiment can reliably discharge the hydraulic oil in
the cylinder tube 51 toward the reservoir 4 and return
to the first operating state using only a valve mechanism
operated by hydraulic pressure. In addition, since the
valve mechanism does not require electric power, it is
energy efficient. In addition, a valve mechanism that
does not require a power source 1is less likely to
generate heat even when operated continuously or
frequently, and the viscosity of the hydraulic oil does
not decrease. Furthermore, 1f a brake device that 1is
equipped with the thruster 1 according to the embodiment
and is in a braking state in the first operating state
is equipped with the thruster 1 according to the
embodiment, the brake device quickly enters the braking
state as the thruster 1 returns to the first operating
state in the event of a power outage. As a result, even

if a power outage occurs during the operation of some
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movable device that is the subject of the brake device,
such as a crane, the movable device does not continue to
operate due to inertia and quickly stops. In other words,
the brake device equipped with the thruster 1 according
to the embodiment is extremely safe. Of course, there is
no malfunction of the thruster 1 due to external
electromagnetic interference.
[0053]

Modified Hydraulic Circuits

The hydraulic circuit of the thruster 1 according
to the embodiment is not limited to that shown in FIG.
4 and can be modified as appropriate according to the
specifications and usage of the thruster 1, the
performance required of the thruster 1, etc. In the
following, hydraulic circuits according to the following
first and second variations are given as modifications
of the hydraulic circuit of the thruster 1 according to
the embodiment.
[0054]

First Variation

In the hydraulic circuit of the thruster 1
according to the embodiment, stopping the pump 7 sets
the pilot pressure to zero and opens the discharge flow
path 300 via the unloading valve 61. Note that, in the
above hydraulic circuit, depending on the type and
mechanism of the pump 7, the +timing at which the
discharge flow path 300 opens may be slightly delayed
with respect to the timing at which the pump 7 is stopped
due to residual pressure of the hydraulic oil remaining
in the flow path from the pump 7 to the check valve 26
when the pump 7 is stopped.
[0055]
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For example, 1if the pump 7 1is an impeller pump
using rotors, it 1is likely to operate in the opposite
direction to pressurization even if there is residual
pressure, and therefore the pilot pressure will become
zero more quickly when the pump 7 is stopped. On the
other hand, if the pump 7 is an internal gear pump or an
external gear pump as 1in the embodiment, there is a
possibility that the elimination of the residual
pressure will be slightly delayed.

[0056]

Therefore, as in the hydraulic circuit illustrated
in FIG. 6, a flow path 204 is provided that branches off
from the pilot flow path 301 and leads to the reservoir
4 via a throttle mechanism 205 such as an orifice, and
the flow path resistance of the throttle mechanism 205
disposed within the flow path 204 is made much higher
than the flow path resistance of the throttle mechanism
27 in the pressurizing flow path 201. For example, if
the load pressure of the hydraulic cylinder 5 during
operation of the pump 7 is 20 Bar and the pilot pressure
is 5 Bar, the differential pressure of the added throttle
mechanism 205 becomes 20 Bar, which 1is the operating
pressure of the pressurizing flow path 201. Since the
flow path resistance of the added throttle mechanism 205
is made very high, the flow rate of the hydraulic oil
discharged from the pump 7 during operation that leaks
from the added throttle mechanism 205 to the reservoir
4 is small, and most of the hydraulic oil flows toward
the port 54 of the hydraulic cylinder 5 while generating
pilot pressure by the pilot pressure generating
mechanism 20. As a result, the unloading wvalve 61 1is

maintained in a closed state by the pilot pressure in
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the pilot flow path 301 during operation of the pump 7.
[0057]

On the other hand, the residual pressure when the
pump 7 stops, i.e., the hydraulic pressure due to the
hydraulic o0il remaining in the flow path from the pump
7 to the check wvalve 26 in the pressurizing flow path
201 and in the pilot flow path 301, is extremely low, so
there is almost no flow path resistance due to the
throttle mechanism 205. In other words, the hydraulic
0il, which is the source of the residual pressure, easily
passes through this throttle mechanism 205, and the
residual pressure becomes zero more quickly. Therefore,
in the hydraulic circuit shown in FIG. 6, regardless of
the type or mechanism of the pump 7, the internal flow
path of the unloading wvalve 61 opens more quickly when
the pump 7 stops, and the thruster 1 returns to the first
operating state more quickly.

[0058]

In the hydraulic circuit shown in FIG. 6, the flow
path 202c in the pressure adjustment flow path 202, which
extends from the relief valve 62 to the reservoir 4, and
the flow path 203d in the pressure reduction flow path
203, which extends from the unloading wvalve 61 to the
reservoir 4, Jjoin together in the manifold block 6.
Alternatively, these flow paths (202c, 203d) may be
formed separately, as in the hydraulic circuit shown in
FIG. 4.

[0059]

Second Variation

The thruster 1 according to the embodiment 1is
configured to maintain the second operating state by

continuing to operate the pump 7. That is, even after
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the pump 7 has transitioned to the second operating
state, the pump 7 continues to discharge hydraulic oil
at a hydraulic pressure required to raise the piston 53
against the biasing force of the spring 50 for returning
the hydraulic cylinder 5 to the first operating state.
Therefore, in a thruster 1 in which the biasing force of
the spring 50 1is larger, the motor 3 that drives the
pump 7 continues to operate at a high load, and is likely
to become hot. This may cause deterioration of the
hydraulic oil. Of course, the power consumption of the
motor 3 also increases. Therefore, below, as a second
variation of the hydraulic circuit in the thruster 1
according to the embodiment, a description is given of
a hydraulic circuit that can reduce the power consumption
of the motor 3 without applying a high load to the motor
3 even when a hydraulic cylinder 5 requiring a higher
hydraulic pressure is used.

[0060]

FIG. 7 shows the second variation of the hydraulic
circuit in the thruster 1. The hydraulic circuit shown
in FIG. 7 1is for explaining the configuration and
operation thereof, and so the connecting block 2 and the
manifold block 6 related to the mechanical structure are
omitted. In the hydraulic circuits of the thruster 1
shown in FIG. 4 and FIG. 6, the pilot pressure generating
mechanism 20 is constituted by the throttle mechanism 27
and the <check wvalve 26 connected in series 1n the
pressurizing flow path 201, but in the hydraulic circuit
shown in FIG. 7, the pilot pressure generating mechanism
180 is connected in parallel to the pressurizing flow
path 201. The pilot pressure generating mechanism 180 is

constituted by an unloading relief valve 80 consisting
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of a parent valve 81 and a child valve 82, and a throttle
mechanism 83 consisting of an orifice or the like. 1In
FIG. 7, for the sake of convenience, in order to easily
understand the operation of the thruster 1 and the
hydraulic pressure at each point in the hydraulic
circuit, a hydraulic pressure gauge 181 for measuring
the discharge pressure Pa of the pump 7 and a hydraulic
pressure gauge 182 for measuring the hydraulic pressure
Pb in the flow path from the check wvalve 26 to the
hydraulic cylinder 5 in the pressurizing flow path 201
are included in the hydraulic circuit. In addition, since
the hydraulic pressure Pb measured by the hydraulic gauge
182 is substantially the hydraulic pressure inside the
hydraulic cylinder 5, hereinafter, the hydraulic
pressure Pb may be referred to as the "cylinder pressure
Pb".

[0061]

FIG. 8 shows the internal structure of the parent
valve 81, and FIG. 9 shows the internal structure of the
child valve 82. FIGS. 8 and 9 are diagrams for explaining
the operation of the parent valve 81 and child valve 82,
with the left side of FIGS. 8 and 9 showing the parent
valve 81 and child valve 82 in a loaded state with the
internal flow paths between the primary ports (811, 821)
and secondary ports (812, 822) closed, and the right
side showing the parent wvalve 81 and child wvalve 82 in
an unloaded state with the internal flow paths open.
[0062]

As shown in FIG. 8, the parent valve 81 has a
primary port 811 and a secondary port 812 which
communicate with each other so as to be freely opened

and closed by an internal flow path, and a pilot port
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(hereinafter sometimes referred to as "parent valve
pilot port 813"™) that discharges hydraulic oil that has
flowed into the primary port 811 via a built-in throttle
valve 814. As shown in FIG. 9, the child wvalve 82 has a
primary port 821 and a secondary port 822 which
communicate with each other so as to be freely opened
and closed by an internal flow path, and a pilot port
(hereinafter sometimes referred to as "child valve pilot
port 823") to which hydraulic pressure is applied to
control the opening and closing of the internal flow
path. In FIGS. 8 and 9, the flow direction of hydraulic
0il is indicated by solid black arrows as in FIG. 5A,
and the direction of application of hydraulic pressure
for opening and closing the valve is indicated by hollow
white arrows as in FIG. 5B. As with the unloading valve
61 shown in FIGS. 5A and 5B, the parent valve 81 and the
child wvalve 82 have ports (811-813, 821-823) including
ports with multiple openings (812, 813, 821, 822).
However, in FIGS. 8 and 9, in order to make it easier to
understand the flow paths of hydraulic o0il, for ports
with multiple openings, the flow direction of hydraulic
0il is shown for only one opening.

[0063]

First, the structure of the parent wvalve 81 1is
specifically described. As shown in FIG. 8, the parent
valve 81 is provided with a primary port 811 to which a
discharge pressure Pa is applied on one end face side of
a hollow cylindrical housing 815, and a secondary port
812 communicating with the inside of the hollow cylinder
and the parent valve pilot port 813 are opened on the
side. A plug 816 is fitted to the other end face side of

the housing 815. Here, if the direction of the cylinder
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axis 110 of the cylindrical housing 815 in the parent
valve 81 is defined as the up-down direction, and the
up-down directions are defined by assuming that the
primary port 811 is provided on the lower end side, then
the housing 815 contains a cylindrical spool 817 that
slides in the up-down direction and a spring 818 that
urges the spool 817 downward with a relatively weak
pressure (e.g., equivalent to 5 Bar).

[0064]

A flange-shaped head 8l17a is formed at the upper
end of the spool 817, and a seat 81l5a is formed in the
housing 815 to support a lower surface 817b of the head
81l7a, thereby restricting the downward movement of the
spool 817. The 1lower end side of the spool 817 1is
cylindrical with an outer diameter that closely contacts
the inner surface of the housing 815. The diameter is
reduced on the way from the lower end to the upper side,
and the reduced outer shape 1is maintained until it
reaches the head 817a. Therefore, there is a gap between
the side of the <c¢cylindrical part of the spool 817
directly below the head 817a and the inner surface of
the housing 815. A recess (hereinafter sometimes
referred to as "lower recess 817c¢") with an open lower
end is formed below the spool 817, and the opening of
the lower recess 817c becomes the primary port 81l1l. The
inner surface of the lower recess 8l7c is formed in a
shape in which a cone 1s connected to the top of a
cylinder. Meanwhile, a recess (hereinafter sometimes
referred to as "upper recess 817d") having a cylindrical
inner surface with an open upper end is formed above
spool 817. A recess 8l6a that is open downward and has

a top surface at the top is formed on the lower end side
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of plug 816, and spring 818 is interposed between the
bottom surface of upper recess 817d of the spool 817 and
the top surface of the recess 8l6a of the plug 816.
[0065]

The cone apex of the lower recess 8l7c and the
lower surface of the upper recess 817d are connected via
a throttle wvalve 814 consisting of a thin tube-shaped
flow path (orifice) . Furthermore, a flow path
(hereinafter sometimes referred to as "upper flow path
817e") that connects to the inside of the upper recess
817d is formed in a cylindrical area with a reduced
diameter directly below the head 817a of the spool 817.
Furthermore, a flow path (hereinafter sometimes referred
to as "lower flow path 817f") that connects to the inside
of the lower recess 8l17c is formed in the lower end area
of the side of the spool 817 that is in close contact
with the inner surface of the housing 815. The spring
818 is interposed between the lower surface of the plug
816 and the lower surface of the upper recess 817d of
the spool 817.

[0066]

Next, the structure of the <child wvalve 82 1is
described. As shown in FIG. 9, the child wvalve 82 has a
hollow cylindrical sleeve 830 inserted into one end of
a hollow cylindrical housing 824, and a cylindrical spool
825 that slides in the direction of the cylindrical axis
111 inserted into the sleeve 830. The housing 824
contains a ball valve 826 that opens and closes as the
spool 825 slides, and a ball holder 828 that holds the
ball valve 826 and biases it in a direction to return it
to a closed state by a spring 827. The side surface of

the spool 825 is in close contact with the inner surface
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of the sleeve 830, and the outer surface of the sleeve
830 is in close contact with the inner surface of the
housing 824. Meanwhile, there is a gap between the side
surface of the ball holder 828 and the inner surface of
the housing 824.

[0067]

Here, the direction of the cylinder axis 111 of the
hollow cylindrical housing 824 of the child wvalve 82 is
defined as the up-down direction, and the up-down
direction of the child wvalve 82 is defined by assuming
that the sleeve 830 is inserted into the lower end side
of the housing 824. The upper and lower ends of the
sleeve 830 are open, and the opening at the upper end is
reduced in diameter compared to the opening at the lower
end. The edge of the opening of the reduced diameter
sleeve becomes a seat portion 826a that is the seat of
the ball valve 826. The primary port 821 of the child
valve 82 1is connected from the housing 824 to a space
829 formed below the seat portion 826a of the ball valve
826 in the sleeve 830. The spool 825 is a two-stage
cylindrical shape whose upper end is reduced in diameter
compared to the lower end side, and the reduced diameter
upper cylindrical portion protrudes into the space 829
and abuts against the ball wvalve 826. As a result, in
the above-mentioned space 829, a filling space for
hydraulic o0il 1s formed around the upper cylindrical
portion of the spool 825. That is, an opening of the
seat portion 826a is formed above the space 829 inside
the sleeve 830, and an opening of a hollow portion
through which the spool 825 is inserted is formed below.
[0068]

As shown by the dotted ellipse in FIG. 9, the child
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valve 82 is such that, in the above-mentioned space 829,
the opening area S2 of the seat portion 826a in contact
with the ball valve 826 is smaller than the area S1 where
the hydraulic pressure acts on the spool 825 in this
space 829, that is, the opening area of the lower end
side of the sleeve 830 (for example, S2/51=0.7) .
Therefore, the force pushing up the ball valve 826 by
the hydraulic pressure of the hydraulic oil flowing into
the primary port 821 and the force pushing the spool 825
downward are not equal, and the direction pushing up the
ball wvalve 826 1is stronger. In the hydraulic circuit
according to this variation, the unloading relief valve
80 is constituted by the parent valve 81 and the child
valve 82 having the above-mentioned structure and the
flow ©paths connected to these wvalves (81, 82) .
Furthermore, the unloading relief wvalve 80 and the
throttle mechanism 83 disposed within the flow path from
the secondary port 822 of the child wvalve 82 to the
reservoir 4 constitute a pilot ©pressure adjustment
mechanism 70.

[0069]

Next, the operation of the hydraulic circuit in the
second variation is described. FIG. 10 shows a timing
chart illustrating the changes in the discharge pressure
Pa and the cylinder ©pressure Pb accompanying the
operation of the thruster 1. The horizontal axis in the
chart of FIG. 10 1is the timing (TO0O to T3) when the
thruster 1 is in a predetermined operating state, and
the wvertical axis 1is the hydraulic pressure of the
discharge pressure Pa and the cylinder pressure Pb at
the predetermined timing. In the chart shown in FIG. 10,

power 1s supplied to the motor 3 at TO to operate the
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pump 7, and power to the motor 3 1is cut off at T3 to
stop the pump 7. Hereinafter, the operation of the
hydraulic circuit shown 1in FIG. 7 1is described with
reference to FIGS. 8 to 10.

[0070]

As shown in the hydraulic circuit of FIG. 7, in the
pressurizing flow path 201, the primary port 811 of the
parent valve 81 1is connected to the flow path from the
pump 7 to the check valve 26, i.e., the pilot flow path
301. In addition, the parent valve pilot port 813 and
the child wvalve ©primary port 821 are connected.
Therefore, the hydraulic pressure of the hydraulic oil
flowing into the primary port 811 of the parent valve 81
becomes the discharge pressure Pa of the pump 7. 1In
addition, the cylinder pressure Pb 1is applied to the
child wvalve pilot port 823 of the child wvalve 82. For
convenience, the hydraulic pressure applied to the
primary port 821 of the child valve 82 is referred to as
the child valve control pressure Pc.

[0071]

First, when the pump 7 is stopped, the discharge
pressure Pa 1s not applied to the primary port 811 of
the parent wvalve 81, so the spool 817 is pushed down by
the biasing force of the spring 818, and the lower
surface 817b of the head 817a 1s in contact with the
upper surface of the seat 815a formed inside the housing
815. In this state, the upper flow path 827e and the
parent valve pilot port 813, and the lower flow path
817f and the secondary port 812, are all in a closed
state. On the other hand, the cylinder pressure Pb 1is
not applied to the child wvalve pilot port 823 of the

child valve 82, so the ball valve 826 is maintained in
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contact with the seat portion 826a by the biasing force
of the spring 827, and the primary port 821 and the
secondary port 822 are in a closed state.

[0072]

When the pump 7 operates, the discharge pressure
Pa of the pump 7 rises as shown by the solid line in
FIG. 10. On the other hand, as shown by the dashed line
in FIG. 10, the cylinder pressure Pb rises slightly later
than the discharge pressure Pa due to the time lag from
the time TO when the pump 7 starts discharging hydraulic
0il to the time when the hydraulic o0il is pressurized to
the hydraulic pressure (e.g., 5 bar) required to pass
through the check valve 26 of the pressurizing flow path
201. Note that when the pump 7 operates, the hydraulic
pressure for maintaining the loaded state 1in the
unloading valve 61 is smaller than the hydraulic pressure
required to pass through the check wvalve 26. That 1is,
the unloading valve 61 maintains the loaded state by the
hydraulic pressure applied to the pilot port 613 via the
pilot flow path 301. As a result, the cylinder pressure
Pb rises together with the discharge pressure Pa.

[0073]

More specifically, when the pump 7 is operated, in
the parent valve 81, as shown by the dotted arrow in
FIG. 8, the hydraulic oil flows into the upper recess
817d via the throttle valve 814 and is discharged from
the parent valve pilot port 813 through the opening on
the upper end side of the upper recess 817d. The
hydraulic oil discharged from the parent valve pilot port
813 then flows into the primary port of the child wvalve
82. The throttle valve 814 built into the parent valve

81 reduces the discharge pressure Pa to the same level
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as the cylinder pressure Pb. In other words, the cylinder
pressure Pb 1s approximately equal to the child wvalve
control pressure Pc.

[0074]

On the other hand, in the child valve 82, the force
of the spring 827 biasing the ball valve 826 downward is
stronger than the hydraulic pressure of the hydraulic
0il flowing into the primary port 821, so the ball valve
826 remains closed. Therefore, the discharge pressure Pa
continues to rise and, in the process of rising, when
the piston 53 starts to rise (Tl), the rising of the
discharge pressure Pa and the cylinder pressure Pb slows
down for a while due to the resistance of the spring 50.
After that, when the cylinder pressure Pb overcomes the
biasing force of the spring 50, the piston 53, which was
at bottom dead center, starts to move toward top dead
center and the discharge pressure Pa and the cylinder
pressure Pb continue to rise.

[0075]

The discharge pressure Pa and the cylinder pressure
Pb continue to rise even after the piston 53 reaches top
dead center (for example, Pa=87 Bar, Pb=82 Bar), and
reach a maximum value (for example, Pa=90 Bar, Pb=85
Bar) at a certain point (T2). After that, the discharge
pressure Pa starts to decrease rapidly, and the cylinder
pressure Pb transitions so as to maintain its maximum
value. Then, at the point (T2) when the discharge
pressure Pa and the cylinder pressure Pb reach their
maximum values, the child valve control pressure Pcx85
Bar pushes the ball valve 826 upward against the biasing
force of the spring 818, and as shown by the dotted arrow

in FIG. 9, the internal flow path between the primary
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port 821 and the secondary port 822 is opened via the
gap between the ball holder 828 and the inner surface of
the housing 824, that is, the unloaded state is reached.
When the child wvalve 82 is in the unloaded state, the
child valve control pressure Pc decreases.

[0076]

Here, assuming that the cylinder pressure Pb is not
applied to the child wvalve pilot port 823, there is a
time lag between the increase and decrease of the child
valve control pressure Pc and the increase and decrease
of the discharge pressure Pa due to the throttle wvalve
814 of the parent valve 81, so at the moment when the
child wvalve 82 is in the unloaded state and the child
valve control pressure Pc decreases, a large pressure
difference occurs between the high discharge pressure Pa
and the child valve control pressure Pc. Since the child
valve control pressure Pc is also a force that tries to
push down the spool 817 in the parent valve 81, when the
child valve 82 is in the unloaded state, the spool 817
of the parent valve 81 is pushed up by the above pressure
difference, the primary port 811 and the secondary port
812 of the parent wvalve 81 are opened, and the parent
valve 81 is also in the unloaded state. However, at the
next moment, 1in the child wvalve 82, the force pushing
down the ball wvalve 826 by the spring 827 Dbecomes
dominant than the reduced child valve control pressure
Pc, the ball valve 826 is quickly closed, and the child
valve 82 is again in the loaded state. As a result, the
child valve control pressure Pc increases, the spool 817
of the parent valve 81 is pushed down, and the parent
valve 81 also returns to the loaded state. In other

words, when the cylinder pressure Pb is not applied to
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the child wvalve pilot port 823, the unloading relief
valve 80 functions as a relief wvalve consisting of the
parent valve 81 and the child wvalve 82.

[0077]

However, the cylinder pressure Pb is applied to the
child wvalve pilot port 823, and this cylinder pressure
Pb is maintained by the check wvalve 26 disposed within
the pressurized flow path 201 and the unloading valve 61
in the loaded state. Therefore, at the moment when the
child wvalve control pressure Pc, which 1is also the
hydraulic pressure in the above-mentioned space 829
inside the child wvalve 82, Dbegins to decrease, the
maximum cylinder pressure Pb 1is applied to the child
valve pilot port 823. Then, in the above-mentioned space
829 where the hydraulic oil contacts the ball valve 826
and the spool 825 inside the sleeve 830 of the child
valve 82, as described above, due to the relationship
(S1>S2) between the area S1 of the spool 825 and the
opening area S2 of the seat portion 826a, the child valve
control pressure Pc acts so that the force pushing up
the ball valve 826 becomes dominant. Therefore, at the
moment when the child valve 82 is in the unloaded state
and the child wvalve control pressure Pc becomes lower
than the cylinder pressure Pb, the spool 825 is urged
upward and slides due to the pressure difference between
the high cylinder pressure Pb applied to the child wvalve
pilot port 823 and the reduced child wvalve control
pressure Pc, and the tip of the spool 825 abuts against
the ball wvalve 826. Then, the force accompanying the
upward sliding of the spool 817 acts as a force to
further urge the ball valve 826 upward, thus maintaining

the child valve 82 in the unloaded state. When the child
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valve 82 is in the unloaded state, the parent valve 81
is also in the unloaded state as described above. It
should be noted that the cylinder pressure Pb when the
child wvalve 82 1is maintained in the unloaded state 1is
naturally set to be higher than the cylinder pressure Pb
(e.g., Pb=82 Bar) when the piston 53 reaches top dead
center and the thruster 1 1is in the second operating
state. If the child valve control pressure Pc when the
child valve 82 transitions to the unloaded state is the
cut-out pressure Pco of the unloading relief wvalve 80
(*»maximum value of Pb), the cylinder pressure Pb at which
the unloaded state can no longer be maintained becomes
the cut-in pressure Pci.

[0078]

As described above, in the hydraulic circuit
according to the second variation, when the child valve
82 1s in the wunloaded state due to the child wvalve
control pressure Pc, 1if the cylinder pressure Pb 1is
greater than the above-mentioned cut-in pressure Pci,
both the parent valve 81 and the child valve 82 maintain
the unloaded state. Furthermore, in the hydraulic
circuit according to the second wvariation, when the
parent valve 81 and the child valve 82 are both in the
unloaded state, a hydraulic pressure (e.g., 5 Bar)
equivalent to the force of the spring 818 pushing down
the spool 817 is applied to the primary port 811 side of
the parent wvalve 81 in the unloaded state. In addition,
since the throttle mechanism 83 is disposed within the
flow path from the secondary port 822 of the child wvalve
82 to the reservoir 4, a hydraulic pressure (e.g., 5
Bar) is generated due to the flow path resistance of the

throttle mechanism 83, and this hydraulic pressure acts
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as the child wvalve control pressure Pc, which pushes
down the spool 817 of the parent valve 81. Therefore, in
the hydraulic circuit according to the second variation,
even if both the parent valve 81 and the child valve 82
continue to be in the unloaded state, the hydraulic oil
on the primary port 811 side of the parent valve 81 is
maintained at a hydraulic pressure (e.g., 10 Bar)
obtained by adding the hydraulic pressure corresponding
to the flow path resistance between the primary port 811
and the secondary port 812 in the parent valve 81 to the
hydraulic pressure corresponding to the flow path
resistance of the throttle mechanism 83 connected to the
secondary port 822 side of the child wvalve 82, as shown
in FIG. 10. Then, the hydraulic oil that has passed
through the throttle mechanism 83 from the secondary port
822 of the <child wvalve 82 and the hydraulic oil
discharged from the secondary port 812 of the parent
valve head toward the reservoir 4 and is discharged from
the pump 7 again. In other words, if the unloading relief
valve 80 is in the unloaded state, the discharge pressure
Pa of the pump 7 need be only for maintaining the pilot
pressure, and the pump 7 is driven at a low load. On the
other hand, the discharge flow path 300 leading to the
reservoir 4 via the unloading valve 61 for the hydraulic
0il in the hydraulic cylinder 5 is in a closed state,
and the hydraulic oil in the pressurizing flow path 201
leading from the pump 7 to the hydraulic cylinder 5 is
prevented from flowing back to the pump 7 side by the
check wvalve 26. As a result, the cylinder pressure Pb
maintains the hydraulic pressure required to continue
the second operating state.

[0079]
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Next, when the power supply to the motor 3 is cut
off to stop the pump 7 (T3), the discharge pressure Pa
of the pump 7 disappears and the pilot pressure also
disappears. As a result, the internal flow path of the
unloading wvalve 61 opens, the hydraulic o0il in the
hydraulic cylinder 5 is returned to the reservoir 4 via
the discharge flow path 300, and the pressure Pb
decreases rapidly. Then, in the child wvalve 82, the
hydraulic pressure applied to the child valve pilot port
823 decreases with the decrease in the cylinder pressure
Pb, and the force pushing up the spool 825 against the
downward biasing force of the spring 827 weakens. When
the pressure Pb decreases to the cut-in pressure (for
example, 56 Bar) (T4), the spring 827 pushes the spool
825 downward via the ball holder 828 and the ball valve
826. The ball valve 826 abuts against the seat portion
826a, and the 1internal flow path between the primary
port 821 and the secondary port 822 is closed.

[0080]

Moreover, hydraulic oil in the flow path from the
primary port 821 of the child valve 82 through the parent
valve pilot port 813 and the primary port 811 of the
parent valve 81 to the pump 7 and in the pilot flow path
301 1is returned to the reservoir 4 via the throttle
mechanism 205 disposed within the flow path 204
connecting the pump 7 and the discharge flow path, in
the same way as in the hydraulic circuit according to
the first wvariation shown in FIG. 6. This causes the
discharge pressure Pa to disappear more qguickly. The
above 1is the operation of the hydraulic circuit in the
second variation.

[0081]
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Note that, 1in an actual hydraulic circuit, since
it 1s not possible to completely prevent leakage of
hydraulic oil, the c¢cylinder pressure Pb gradually
decreases over time. However, the time for which the
second operating state 1is continued in a general use
form of the thruster 1 is shorter than the time from
when the thruster 1 reaches the second operating state
until the second operating state cannot be maintained
due to the decrease in the cylinder pressure Pb over
time. Therefore, the problem of the cylinder pressure Pb
decreasing over time and the second operating state being
unable to be maintained basically does not occur. Of
course, the duration of the second operating state can
be extended by increasing the seal strength of each part
of the hydraulic circuit or increasing the number of
sealed parts, so the seal strength of each part and the
number of sealed parts can be appropriately determined
at the design stage of the hydraulic circuit according
to the duration of the second operating state required
for the assumed method of use of the thruster 1. By
further improving the manufacturing accuracy of the
child wvalve 82, it 1is also possible to set the cut-in
pressure Pci of the child valve 82 to be equal to or
higher than the pressure (e.g., 82 bar) when the piston
53 of the hydraulic cylinder 5 reaches top dead center
and lower than the cut-out pressure Pco (e.g., 85 bar).
Thereby, the second operating state can be maintained
regardless of whether or not there 1is a 1leakage of
hydraulic oil.

[0082]
In this way, with the hydraulic circuit shown in

FIG. 7 including the unloading relief valve 80, which is
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composed of the parent valve 81 and the child wvalve 82,
and the pilot pressure generating mechanism 180, which
is composed of the throttle mechanism 83, the discharge
pressure Pa of the pump 7 is automatically adjusted to
a low hydraulic pressure that maintains the pilot
pressure of the unloading valve 61 when the thruster 1
transitions to the second operating state. As a result,
even when the urging force of the spring 50 is strong
and it is necessary to increase the cylinder pressure Pb
in the second operating state, the load on the motor 3
that drives the pump 7 is reduced, and deterioration of
the hydraulic o0il due to heat generation by the motor 3
can be suppressed. In addition, the time during which
the motor 3 is operated under high load can be shortened,
and the power consumption of the motor 3 can be reduced.
Furthermore, in a conventional thruster using an
electromagnetic valve, power 1is consumed when the
electromagnetic valve is turned on and off. Therefore,
the thruster 1 having the hydraulic circuit shown in
FIG. 7 has a higher power consumption reduction effect
than the conventional thruster when the power of the
motor 3 1is turned on and off intermittently and
frequently.
[0083]

Parent and Child Valves in Cartridge Form

The hydraulic circuit in the second wvariation
includes an wunloading relief wvalve 80 1in which two
separate valve mechanisms, a parent valve 81 and a child
valve 82, are connected by a flow path. Although the
flow path connecting the parent wvalve 81 and the child
valve 82 may be configured using piping, as shown in

FIGS. 8 and 9, the parent valve 81 and the child wvalve
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82 are plug-type valves each having a hollow cylindrical
housing (815, 824), and are formed into cartridges so as
to be replaceably inserted into and removed from a metal
block having a flow path formed therein, similar to the
manifold block 6 and the connecting block 2, as with the
unloading valve 61 shown in FIGS. 5A and 5B. Therefore,
the unloading relief valve 80 may be formed as a unit in
which the parent wvalve 81 and the child wvalve 82 are
formed into cartridges and the parent valve 81 and the
child valve 82 are incorporated into a metal block having
a flow path formed therein.

[0084]

FIG. 11 shows a unit 90 of an unloading relief
valve 80 in which a parent valve 81 and a child valve 82
are formed as a cartridge. In addition to the parent
valve 81 and the child wvalve 82, the unit 90 shown in
FIG. 11 also 1incorporates an insertable/removable
unloading wvalve 61 and a throttle mechanism 83 (not
shown) that constitutes a pilot mechanism 180. The
throttle mechanism 83 is fitted into a flow path in a
metal block 91, similar to the check wvalve 26
incorporated into the connecting block 2 of the thruster
1 shown in FIG. 2.

[0085]

As shown in FIG. 11, the lower end side of each
valve (61, 81, 82) is embedded in the metal block 91 so
that the ports (611 to 613, 811 to 813, 821 to 823) of
each valve are disposed in the metal block 91. In FIG.
11, each valve (61, 81, 82) is shown in cross section so
that the embedded state of each valve (61, 81, 82) can
be easily understood, but the actual embedded positions

of each wvalve (61, 81, 82) in the front-rear direction
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of the paper may differ from each other. In addition, in
the metal block 91, flow paths such as the pilot flow
path 301 are formed to connect predetermined ports of
the parent wvalve 81, the child wvalve 82, and the
unloading valve 61. In addition, the throttle mechanism
83 is inserted in the middle of the flow path connected
to the secondary port 822 of the child wvalve 82. Of
course, the metal block 91 constituting the unit 90 may
be either the manifold block 6 or the connecting block
2.

[0086]

In the hydraulic circuit according to the second
variation, two valves, a parent valve 81 and a child
valve 82, which are linked to each other, are used to
realize one function, that of the unloading relief valve
80. When performing maintenance (inspection,
replacement, repair, adjustment, etc.) on either the
parent valve 81 or the child valve 82, these valves (81,
82) which are made into cartridges can be easily attached
and detached individually from the metal block 91. On
the other hand, when performing maintenance on the
unloading relief valve 80 as a whole, the unit 90 can be
removed from the thruster 1. Therefore, by configuring
the parent valve 81 and the child valve 82 as cartridges
and configuring the unloading relief valve 80 as a unit
90 in which the parent valve 81 and the child wvalve 82
made into cartridges are attached to a metal block so as
to be insertable and detachable, any type of maintenance
can be flexibly handled and maintenance costs can be
reduced.

[0087]

Other Examples
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The electro-hydraulic actuator according to the
present invention has Dbeen described above wusing an
electro-hydraulic cylinder (thruster 1) as an
embodiment. However, the present invention 1s not
limited to the above example, and various modifications
are possible without departing from the gist of the
invention. The above embodiment has been described in
detail to clearly explain the present invention, and the
present invention 1s not necessarily limited to an
actuator having all of the configurations described. In
addition, it is possible to add, delete, or replace some
of the configurations of the above embodiment with other
configurations.

[0088]

For example, in the hydraulic circuit shown in FIG.
4, outlets (68a, 68b) corresponding to the unloading
valve ol and the relief wvalve 62 are provided,
respectively. However, the flow paths (203d, 202c)
passing through the unloading wvalve 61 and the relief
valve 62, respectively, may join in the manifold block
6 and be discharged from a single outlet 1into the
reservoir 4.

[0089]

In the pilot pressure generating mechanism 180 in
the hydraulic circuit according to the second variation,
although the unloading relief valve 80 1is composed of
the parent valve 81 and the child valve 82, alternatively
the parent valve 81 and the child wvalve 82 constituting
the unloading relief wvalve 80 may be integrally
configured as a single unit. FIG. 12 shows a pilot
pressure generating mechanism 180 in which the parent

valve 81, the child valve 82, and the throttle mechanism
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83 are integrally configured as a single unit. In FIG.
12, the same reference numerals are used to designate
the components corresponding to the parts and members
shown in FIGS. 7 to 9. In FIG. 12, the components
corresponding to the parent valve 81 and the child wvalve
82 are shown with different hatching. In the child wvalve
82 shown in FIG. 12, the valve body 826 is conical rather
than spherical. In any case, the form of the unloading
relief valve 80 is not limited as long as the function
and operation are the same.

[0090]

Some or all of the flow paths constituting the
hydraulic circuit may be formed using piping, rather than
being formed in a metal block such as the connecting
block 2 or the manifold block 6. Also, the unloading
valve 61 and the relief wvalve 62 do not have to be
attached to the manifold block 6, and may be attached to
the connecting block 2 or inserted in the middle of the
piping. In any case, it is sufficient if the flow paths
(201 to 203) corresponding to the hydraulic circuit shown
in FIG. 4 are formed. Also, the pump 7 is not limited to
an external gear pump, and may be an internal gear pump,
an impeller pump, or the like.

[0091]

In the above-mentioned embodiment, the throttle
mechanism (27, 83, 205) 1is not 1limited to the above-
mentioned orifice, which is a fixed throttle, and may
instead be a throttle valve that is a variable throttle.
The throttle valve can variably adjust the flow rate by
finely adjusting the opening of the wvalve body. For
example, in the hydraulic circuits shown in FIG. 4 and

FIG. 6, when the pilot pressure set in the unloading
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valve 61 is not constant depending on the application or
specifications of the +thruster 1, the desired pilot
pressure can be variably set. However, there are
individual differences in the relationship between the
adjustment amount of the opening and the actual opening
of the valve body of the throttle wvalve.

[0092]

On the other hand, an orifice, which 1is a fixed
throttle, has 1little individual wvariation, and 1if the
thruster 1 is of the same model, as long as the throttle
opening is specified, multiple orifices with the
specified opening can be manufactured, eliminating the
need to adjust the opening individually for multiple
thrusters 1 of the same model. In this way, a thruster
1 using an orifice as a throttle mechanism can reduce
the cost of adjusting the throttle opening. In addition,
an orifice has no moving parts, 1is highly dependable,
and is cheaper than a throttle valve, so the parts cost
of the thruster 1 can be reduced. In any case, an
appropriate throttle mechanism (27, 83, 205) can be
adopted depending on the specifications of the thruster
1 and the performance required of the thruster 1.

[0093]

In the thruster 1 according to the above
embodiment, although the piston 53 is constantly urged
downward by the urging mechanism 50 such as an external
mechanism connected to the head 12 at the tip of the
piston rod 52 of the hydraulic cylinder 5, alternatively
a spring for constantly urging the piston 53 downward
may be incorporated in the cylinder tube 51. FIG. 12
shows an example of a hydraulic cylinder 105 in which a

spring 150 is incorporated in the cylinder tube 51. Here,
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assuming that the axial direction of the piston rod 52
is the up-down direction and that the piston 53 is pushed
upward when the pump 7 1is operated, the up-down
directions are defined. In the hydraulic cylinder 105
shown in FIG. 12, the piston 53 is not cylindrical but
is disk-shaped with a raised rim 151. A spring 150
having a helical axis 1in the axial direction of the
piston rod 52 is disposed between the inner surface 152
at the upper end of the cylinder tube 51 and the upper
surface 153 of the piston.
[0094]

Although the hydraulic cylinder 5 in the thruster
1 according to the above embodiment is arranged so that
the piston 53 reciprocates in the wvertical direction,
alternatively the hydraulic cylinder 5 can also be
arranged so that it reciprocates 1in a direction
intersecting the motor shaft 31 (e.g., a perpendicular
direction).
[0095]

In the hydraulic circuits shown in FIG. 4 and FIG.
6, although the pilot pressure generating mechanism 20
is composed of the throttle mechanism 27 and the check
valve 26, the pilot pressure generating mechanism 20 can
also Dbe composed of the check wvalve 26 alone.
Specifically, the check wvalve 26 is configured to allow
hydraulic oil to pass in the forward direction from the
pump 7 toward the cylinder tube 51 at a low hydraulic
pressure, while the check wvalve 26 prevents hydraulic
0il from flowing backward from the cylinder tube 51
toward the pump 7 due to its function. Therefore, a check
valve 26 1s used that allows hydraulic oil to pass in

the forward direction when hydraulic oil pressure equal
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to or greater than the pilot pressure is applied in the
forward direction. This allows the pilot pressure
generating mechanism 20 to be composed of only the check
valve 26.

[0096]

If the pilot pressure generating mechanism 20 were
to be constructed only from the check wvalve 26, the
number of parts in the thruster 1 would be reduced, and
it would be possible to provide the thruster 1 at a lower
cost. On the other hand, the pilot pressure for operating
the unloading valve 61 is a relatively large hydraulic
pressure, so the check valve 26, which prevents hydraulic
0il from passing in the forward direction below this
hydraulic pressure, would naturally be large. This would
make it difficult to miniaturize the thruster 1. In any
case, the configuration of the pilot pressure generating
mechanism 20 may be appropriately determined depending
on the manufacturing costs and specifications required
for the thruster 1.

[0097]

The thruster 1 shown as an embodiment includes a
hydraulic cylinder 5 as a hydraulic actuator, but the
hydraulic actuator does not have to be a direct-acting
hydraulic actuator, in which a movable part such as a
piston 53 reciprocates in a linear direction, as in the
hydraulic cylinder 5. For example, the hydraulic
actuator may include a rotating movable part, such as a
hydraulic actuator including a rotor that rotates at a
predetermined angle by hydraulic pressure as a movable
part in a sealed stator. An electro-hydraulic actuator
including such a hydraulic actuator in which a movable

part rotates may be configured to reciprocate between a
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first operating state corresponding to a rotation angle
position of the rotor when the inside of the stator is
not pressurized by hydraulic o0il, and a second operating
state corresponding to a rotation angle position when
the stator 1s filled with sufficiently pressurized
hydraulic o0il and the rotor rotates by a predetermined
angle from the first operating state. In addition, as an
urging mechanism in an electro-hydraulic actuator having
a movable part that rotates by hydraulic pressure, for
example, a helical spring that constantly urges the rotor
to a rotation position that corresponds to the first
operating state may be considered.

[0098]

Naturally, the hydraulic fluid in an electro-
hydraulic actuator is not limited to hydraulic oil, but
may 1instead be water, air, steam, or any other fluid
capable of generating hydraulic pressure for operating

the hydraulic actuator.

List of Reference Numerals
[0099]
1 Thruster (electro-hydraulic actuator, electric
hydraulic cylinder)
2 Connecting block
3 Motor
4 Reservoir
5, 105 Hydraulic cylinder
6 Manifold block
7 Pump
11 Clevis
12 Head

20, 180 Pilot pressure generating mechanism
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21 Communication hole

23 Connecting member

24 Inlet port

25 Outlet

26 Check wvalve

27, 73, 205 Throttle mechanism

31 Motor shaft

50 Biasing mechanism

51 Cylinder tube

52 Piston rod

53 Piston

54 Port of (hydraulic cylinder 5)

61 Unloading valve

62 Relief wvalve

68a, 68b Discharge ports

80 Unloading relief valve

81 Parent valve of unloading relief valve

82 Unloading relief valve child wvalve

150 Spring (biasing mechanism)

90 Unit including unloading relief wvalve

91 Metal block

201 Pressurizing flow path

20la, 201b Flow paths constituting the pressurizing flow
path

202 Pressure adjustment flow path

202a to 202c Flow paths constituting the pressure
adjustment flow path

203 Pressure reduction flow path

203a to 203f, 301 Pilot flow path constituting a pressure
reducing flow path

300 Discharge flow path constituting a pressure

reduction flow path
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811
812
813
814
815
817
818
823
821
822
824
825
826
827

Primary port of parent valve
Secondary port of parent valve
Pilot port of parent wvalve
Throttle valve

Parent valve housing

Parent wvalve spool

Parent valve spring

Pilot port of child wvalve
Primary port of child wvalve
Secondary port of child wvalve
Housing of child wvalve

Spool of child valve

Ball wvalve

Child valve spring
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CLATIMS

1. An electro-hydraulic actuator comprising:

a motor that outputs rotational power;

a pump operated by the rotational power of the
motor;

a hydraulic actuator operated by hydraulic fluid
pressurized by the pump;

a reservoir for storing the hydraulic fluid; and

a hydraulic circuit for hydraulically controlling
operation of the hydraulic actuator,

wherein the hydraulic actuator reciprocates
between a first operating state and a second operating
state in response to a hydraulic pressure of the supplied
hydraulic fluid, and is constantly biased in a direction
returning to the first operating state;

wherein the hydraulic circuit includes:

a pressurizing flow path for supplying the
hydraulic fluid pressurized by the pump to the hydraulic
actuator;

a pressure reducing flow path that connects the
hydraulic actuator and the reservoir wvia an unloading
valve in an openably closable manner;

a pilot flow path for supplying hydraulic oil
pressurized to a pilot pressure to the unloading valve
in order to close the pressure reducing flow path;

a pilot pressure generating mechanism that
generates the pilot pressure; and

a check valve disposed within the pressurizing flow
path for allowing the hydraulic fluid to pass only in a
forward direction from the pump to the hydraulic

actuator,
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wherein the pilot pressure generating mechanism
generates the pilot pressure during operation of the
pump,

the pilot flow path branches off midway from the
pump to the check valve in the pressurizing flow path
and reaches the unloading valve, and

during operation of the pump, the pilot pressure
is generated, causing the pump to transition to the
second operating state, and when the pump stops, the
pilot pressure disappears, the pressure reducing flow
path 1is opened, and the pump returns to the first

operating state.

2. The electro-hydraulic actuator of claim 1,
wherein a throttle mechanism constituting the pilot
pressure generating mechanism and the check wvalve are
disposed, in that order, in the pressurizing flow path

from the pump to the hydraulic actuator.

3. The electro-hydraulic actuator of claim 2,

wherein the throttle mechanism is an orifice.

4., The electro-hydraulic actuator of claim 1,
wherein the check valve also serves as the pilot pressure
generating mechanism, and

the check valve delivers the hydraulic fluid in a
direction toward the hydraulic actuator when the
hydraulic fluid supplied from the pump has a

predetermined pilot pressure or higher.

5. The electro-hydraulic actuator of claim 1,

wherein the pilot pressure generating mechanism 1is
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composed of an unloading relief wvalve having a parent
valve and a child valve, and a throttle mechanism,

the parent valve has a built-in throttle valve, a
parent valve primary port connected to the pilot flow
path, a parent valve secondary port connected to a flow
path communicating with the reservoir, a parent valve
pilot port communicating with the parent valve primary
port via the throttle valve, and has, with a
predetermined direction being the up-down direction, a
parent valve spool that is urged upward by hydraulic
pressure at the parent valve primary port, and a parent
valve spring that urges the parent valve spool downward,

the child wvalve has a child valve primary port
connected to the parent wvalve pilot port, a child wvalve
secondary port connected to a flow path communicating
with the reservoir wvia the throttle mechanism, and a
child valve pilot port connected to a flow path from the
check wvalve to the hydraulic actuator, and has, with a
predetermined direction being a vertical direction, a
valve body that is urged upward by hydraulic pressure at
the child wvalve primary port, a child valve spool that
is urged upward by hydraulic pressure at the child valve
pilot port, and a child valve spring that urges the valve
body downward,

the child wvalve distributes hydraulic pressure Pl
at the child valve primary port into hydraulic pressure
P2, which presses the valve body upward, and hydraulic
pressure P3, which presses the child wvalve spool
downward, with P2>P3, and when the hydraulic pressure Pl
reaches a predetermined cutout pressure, the wvalve body
is pressed in one direction, opening the child wvalve

primary port and the child valve secondary port to enter
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an unloaded state,

the parent wvalve spool 1is pressed upward by a
pressure difference between the hydraulic pressure Pl on
the parent valve pilot port side, which has been reduced
in association with the wunloaded state of the child
valve, and hydraulic pressure P5 on the parent wvalve
primary port side, thereby opening the parent wvalve
primary port and the parent valve secondary port and
putting the parent wvalve in an unloaded state,

when the child wvalve is in an unloaded state, the
unloaded state is maintained by hydraulic pressure P4 at
the child valve pilot port,

when both the parent valve and the child valve are
in the wunloaded state, the hydraulic pressure P5 is
maintained at the pilot pressure by the hydraulic
pressure Pl generated by the passing resistance of the
throttle mechanism and the hydraulic pressure generated
by the parent valve spring urging the parent valve spool
downward, and the hydraulic actuator is maintained in

the second operating state by the hydraulic pressure P4.

6. The electro-hydraulic actuator of claim 5,
wherein the unloading relief valve is a single integrated
unit in which the parent valve and the child wvalve are
attached to a metal block in which the flow path for the
hydraulic fluid is formed, and

the parent valve and the child valve are cartridges
configured to be attachably detachable from the metal
block.

7. The electro-hydraulic actuator according to

claim 6, wherein the throttle mechanism is interposed
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midway through a flow path formed in the metal Dblock,
and
the unit constitutes the pilot pressure generating

mechanism.

8. The electro-hydraulic actuator of claim 1,
wherein the hydraulic circuit includes a flow path that
branches from the pilot flow path, passes through the
throttle mechanism, and reaches the reservoir, and

the throttle mechanism has a flow path resistance
higher than a flow path resistance of the pilot pressure
generating mechanism when the pump is in operation, and
eliminates residual pressure of the hydraulic fluid
remaining in the flow path from the pump to the pilot
pressure generating mechanism in the pressurizing flow

path and in the pilot flow path when the pump is stopped.

9. The electro-hydraulic actuator according to any
one of claims 1 to 8, wherein the hydraulic actuator is
a direct-acting hydraulic actuator,

the first operating state is attained when a piston
of the direct-acting hydraulic actuator is at bottom dead
center;

the second operating state 1is attained when the
piston is at top dead center, and

the piston 1is biased in a direction toward bottom
dead center by an external mechanism connected to a tip

of a piston rod.

10. The electro-hydraulic actuator according to any
one of claims 1 to 8,

the hydraulic actuator is a direct-acting hydraulic
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actuator,

the first operating state is attained when a piston
of the direct-acting hydraulic actuator is at bottom dead
center;

the second operating state 1s attained when the
piston is at top dead center; and

a spring mechanism is provided to constantly bias

the piston toward bottom dead center.

11. A brake device comprising the electro-hydraulic
actuator according to claim 9,

wherein the brake device is provided with a braking
mechanism that presses or separates brake 1linings
against both sides of a disc-shaped brake disc,

the braking mechanism is constantly biased in a
direction to be in a braking state, and

when the electro-hydraulic actuator 1is 1in the
second operating state, the brake disc is released from
the braking state, and when the electro-hydraulic
actuator is in the first operating state, the brake disc

is in a braking state.

12. The brake device comprising the electro-
hydraulic actuator according to claim 10,

wherein the brake device is provided with a braking
mechanism that presses or separates Dbrake 1linings
against both sides of the disc-shaped brake disc, and

when the braking mechanism 1is in the second
operating state, the braking state for the brake disc is
released, and when the braking mechanism is in the first

operating state, the brake disc is in a braking state.
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