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(54) Hydraulic engine including hydraulic power unit
(57)  Provided is a hydraulic engine that generates

power using oil pressure, the hydraulic engine including:
a hydraulic power unit (1) including a hydraulic tube (100)
comprising a hollow portion having an opened front end
and being filled with a fluid, an amplitude amplification
device (200) that is disposed at the rear side of the hy-

draulic tube, an oscillator (300) that is disposed at the
rear side of the amplitude amplification device so as to
be deformed and increases and decreases a pressure
within the hydraulic tube, and an oscillator head (310)
that is attached to a front end of the oscillator.
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Description
BACKGROUND
1. Field

[0001] One or more embodiments of the present in-
vention relate to a hydraulic engine, and more particu-
larly, to a hydraulic power unit that includes a ceramic
oscillator and inpours and extrudes a fluid in association
with the ceramic oscillator, and a hydraulic engine that
includes the hydraulic power unit and generates rotatory
power.

2. Description of the Related Art

[0002] In general, power (rotatory power) for driving
vehicles, various machines, or mechanisms is obtained
by burning a fossil fuel. When the fossil fuel is burned, a
large amount of carbon dioxide is generated, and various
harmful substances are mass-produced, which is a major
cause of environmental pollution. In addition, it is widely
known that there is a limitation in relying on fossil fuel
because the amount of fossil fuel such as crude oil or
coal which exists on earth is limited. For this reason, hu-
mans have tried to develop new energy sources and have
conducted research into methods of effectively using ex-
isting energy sources.

[0003] Among the research results achieved so far, a
method of obtaining power for a vehicle or a machine by
using electrical energy obtained through battery charg-
ing, a method of burning existing fossil fuel, and a hybrid
method using a battery have been developed. However,
existing power generation apparatuses (engines) which
utilize electrical energy have a performance limit. For this
reason, there are increasing demands to develop new
power generation apparatuses that do not generate car-
bon dioxide when used, use eco-friendly electrical ener-
gy, and have better performance and a long lifespan.

SUMMARY

[0004] One or more embodiments of the present in-
vention include a new engine that generates rotatory
power by using deformation energy of eco-friendly ce-
ramics, the engine having improved performance and a
long lifespan.

[0005] One or more embodiments of the present in-
vention include a hydraulic power unit which is environ-
mentally friendly, has a long lifespan, and may extrude
a working fluid by using a strong force, which may be
used in order to form a new engine.

[0006] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments.

[0007] According to one or more embodiments of the
presentinvention, a hydraulic engine includes a hydraulic
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power unit comprising a hydraulic tube comprising a hol-
low portion having an opened front end and being filled
with a fluid, an amplitude amplification device that is dis-
posed at the rear side of the hydraulic tube, an oscillator
that is disposed at the rear side of the amplitude ampli-
fication device so as to be deformed and increases and
decreases a pressure within the hydraulic tube, and an
oscillator head that is attached to a front end of the os-
cillator. The hydraulic tube extends in a longitudinal di-
rection, comprises a metal tube formed on the outside
thereof and an elastic tube formed on the inside thereof,
and is configured in the form of a double tube having an
outer hollow and an inner hollow. The amplitude ampli-
fication device comprises a casing having a hollow
formed therein, a swell tube that is disposed within the
casing and has a cylindrical hollow therein, a plurality of
vibration rods that are disposed in the hollow of the swell
tube, and an elastic chip that is disposed in the hollow of
the swell tube, intersects with the hollow, and is disposed
between the plurality of vibration rods. The oscillator
moves bidirectionally and changes a pressure within the
hydraulic tube by applying deformation force to the vi-
bration rod according to its deformation so that a fluid
within the hydraulic tube is extruded to the outside or
flows into the hydraulic tube.

[0008] The oscillator may be deformed in a direction
toward the inside of the hollow portion of the hydraulic
tube and in an opposite direction when electricity is ap-
plied thereto by an inverse piezoelectric effect.

[0009] The hydraulic tube may include a front position
fixation holder and a rear position fixation holder that is
disposed within the metal tube and comes into contact
with a front side and a rear side of the elastic tube, and
a connection jig that is disposed at a front end of the
metal tube and is disposed so as to come into contact
with the front side of the position fixation holder of the
elastic tube. The position fixation holder may be disposed
so as to come into contact via a seal ring with at least
one vibration rod included in the amplitude amplification
device. At least a portion of the connection jig seals the
outer hollow. An opening may be formed in at least a
portion of the connection jig so as to cause the inner
hollow and the outside to communicate with each other.
A side through hole may be formed at one side of the
metal tube so as to cause the outer hollow and the outside
to communicate with each other.

[0010] The hydraulic tube may include a plurality of
first elastic links. The elastic tube may be formed as a
corrugated pipe having a plurality of corrugations extend-
ing in a longitudinal direction. The first elastic link may
be disposed so as to come into contact with a concave
portion of the corrugation and to extend in a longitudinal
direction along the corrugation. One end ofthefirst elastic
linkmay come into contact with the connection jig through
the front position fixation holder, the other end thereof
may come into contact with the vibration rod through the
position fixation holder, and the elastic tube may be
pressed in a horizontal direction according to a deforma-
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tion force of the vibration rod.

[0011] The first elastic link may be formed by bending
an elongated steel wire. The first elastic link may include
first curved portions, which are both sides of the steel
wire being bent inwards in a longitudinal direction, and
second curved portions, which are both ends of the steel
wire being bent and gathered together toward the center
through the first curved portions. The second curved por-
tion may have a ring shape.

[0012] A lower portion of the second curved portion
may come into contact with at least a portion between
the first curved portions.

[0013] The elastic chip may be formed of a material
having an elastic restoring force, the elastic chip having
aform of a circular plate with a protruding central portion,
and may be provided with a plurality of holes formed
along a circumference thereof.

[0014] The holes may be formed in a fan shape with a
portion of the circumference of the elastic chip forming
an arc thereof.

[0015] The swelltube may include a plurality of second
elastic links that are disposed along a circumferential sur-
face of the vibration rod.

[0016] The second elasticlink may be formed by bend-
ing an elongated steel wire. The second elastic link com-
prises first curved portions, which are both sides of the
steel wire being bent inwards in a longitudinal direction,
and second curved portions, which are both ends of the
steel wire being bent and gathered together toward the
center through the first curved portions. The second
curved portion may have a ring shape.

[0017] The lower portion of the second curved portion
may come into contact with at least a portion between
the first curved portions.

[0018] The elastic chip may be disposed at a position
overlapping a position at which the second curved portion
is disposed.

[0019] According to one or more embodiments of the
present invention, a hydraulic engine includes the hy-
draulic power unit; a housing; a rotor that is rotatably
supported within the housing and has a rotor blade dis-
posed on the circumference thereof; and a flange that is
disposed within the housing. The flange comprises a front
flange and a rear flange, and a rotor is disposed between
the front flange and the rear flange. The rear flange com-
prises a fixation hole for fixing the hydraulic power unit
and an extrusion hole. The extrusion passage is config-
ured to cause the rotor blade of the rotor and an inner
hollow of a hydraulic tube included in the hydraulic power
unit to communicate with each other. The front flange
comprises a fluid chamber and a discharge hole so that
a fluid inpoured through the rotor blade is bidirectionally
discharged.

[0020] The extrusion passage may have a tilt angle
with respect to the rotor blade so that the fluid extruded
from the hydraulic tube applies an extrusion force to the
rotor blade to thereby rotate the rotor.

[0021] The fluid chamber and the discharge hole
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formed in front of the front flange and a side through hole
formed in a metal tube of the hydraulic tube may be con-
nected to each other so that the fluid flows therebetween.
[0022] The hydraulic engine may further include an op-
erational module that drives the hydraulic power unit, ad-
justs a number of rotations and torque of the rotor, and
comprises a secondary battery as a driving power
source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings of which:

[0024] FIG. 1 is a diagram illustrating a contour of a
hydraulic engine according to an embodiment of the
present invention;

[0025] FIG. 2 is a diagram illustrating a structure of a
hydraulic power unit included in the hydraulic engine ac-
cording to the embodiment of the present invention;
[0026] FIG. 3 is a diagram illustrating first and second
elastic links included in a hydraulic tube and an amplifi-
cation device of the hydraulic engine according to the
embodiment of the present invention;

[0027] FIG. 4 is adiagram illustrating a structure of the
hydraulic tube of the hydraulic engine according to the
embodiment of the present invention;

[0028] FIG. 5 is a diagram illustrating a front position
fixation holder;
[0029] FIG. 6 is a diagram illustrating a rear position
fixation holder;

[0030] FIG. 7 is a cross-sectional view taken along a
line A-A of FIG. 4;

[0031] FIG. 8 is a diagram illustrating a structure of an
amplitude amplification device of the hydraulic engine
according to the embodiment of the present invention;
[0032] FIG. 9 is a cross-sectional view taken along a
line B-B of FIG. 8;

[0033] FIG. 10is a diagram illustrating a structure of a
portion of the amplitude amplification device of the hy-
draulic engine according to the embodiment of the
present invention;

[0034] FIG. 11 is a diagram illustrating the hydraulic
engine according to the embodiment of the present in-
vention;

[0035] FIG. 12is a diagram illustrating a rear flange of
the hydraulic engine according to the embodiment of the
present invention;

[0036] FIG. 13 is a diagram illustrating a front flange
of the hydraulic engine according to the embodiment of
the present invention;

[0037] FIG. 14isadiagramiillustrating a flow of a work-
ing fluid of the hydraulic engine according to the embod-
iment of the present invention; and

[0038] FIG. 15 is a diagram illustrating the whole hy-
draulic flow of a working fluid of the hydraulic engine ac-
cording to the embodiment of the present invention.
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DETAILED DESCRIPTION

[0039] Reference will now be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings, wherein like reference numerals refer
to the like elements throughout. In this regard, the present
embodiments may have different forms and should not
be construed as being limited to the descriptions set forth
herein. Accordingly, the embodiments are merely de-
scribed below, by referring to the figures, to explain as-
pects of the present description. Expressions such as "at
least one of," when preceding a list of elements, modify
the entire list of elements and do not modify the individual
elements of the list.

[0040] FIG. 1 is a diagram illustrating a hydraulic en-
gine according to an embodiment of the present inven-
tion. FIG. 2 is a diagram illustrating a structure of a hy-
draulic power unit included in the hydraulic engine ac-
cording to the embodiment of the present invention. FIG.
3 is a diagram illustrating first and second elastic links
included in a hydraulic tube and an amplification device
of the hydraulic engine according to the embodiment of
the present invention. FIG. 4 is a diagram illustrating a
structure of the hydraulic tube of the hydraulic engine
according to the embodiment of the present invention.
FIG. 5 is a diagram illustrating a front position fixation
holder.

[0041] FIG. 6 is a diagram illustrating a rear position
fixation holder. FIG. 7 is a cross-sectional view taken
along a line A-A of FIG. 4. FIG. 8 is a diagram illustrating
a structure of an amplitude amplification device of the
hydraulic engine according to the embodiment of the
presentinvention. FIG. 9 is a cross-sectional view taken
alongaline B-B of FIG. 8. FIG. 10 is a diagram illustrating
a structure of a portion of the amplitude amplification de-
vice of the hydraulic engine according to the embodiment
of the present invention.

[0042] Hereinafter, a hydraulic power unit 1 of a hy-
draulic engine according to the present invention will be
described.

[0043] The hydraulic power unit 1 according to the
present invention includes a hydraulic tube 100 that has
a hollow portion that has an opened front end and is filled
with a fluid, an amplitude amplification device 200 that is
disposed at the rear side of the hydraulic tube 100, and
an oscillator 300 that is disposed at the rear side of the
amplitude amplification device 200 so as to be deformed
and increases and decreases a pressure within the hy-
draulic tube 100.

[0044] The hydraulictube 100 extends in alongitudinal
direction. The hydraulic tube 100 includes a metal tube
112 formed on the outside thereof and an elastic tube
114 formed on the inside thereof, and is configured in
the form of a double tube having an outer hollow 116 and
an inner hollow 118.

[0045] The amplitude amplification device 200 in-
cludes a plurality of casings 212 having a hollow formed
therein, a plurality of swell tubes 214 that are respectively
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disposed within the casings 212 and have a cylindrical
hollow therein, a plurality of vibration rods 230 that are
respectively disposed in the hollows of the swell tubes
214, and a plurality of elastic chips 220 that are respec-
tively disposed in the hollows of the swell tubes 214, in-
tersect with the hollows, and are disposed between the
vibration rods 230.

[0046] The oscillator 300 is configured to move bidi-
rectionally and changes a pressure of fluid within the hy-
draulic tube 100 by applying a deformation force to the
vibration rod 230 according to its deformation so that the
fluid within the hydraulic tube 100 is extruded to the out-
side or flows into the hydraulic tube 100.

[0047] Hereinafter, the hydraulic tube 100 will be de-
scribed.

[0048] The hydraulic tube 100 is a tube type structure
having a hollow that extends in a longitudinal direction
and is filled with a working fluid.

[0049] Specifically, the hydraulic tube 100 is formed in
the form of a double tube including the metal tube 112
formed on the outside thereof and the elastic tube 114
formed on the inside thereof and has the outer hollow
116 and the inner hollow 118. That is, the elastic tube
114 is disposed within the metal tube 112, and thus, the
hydraulic tube 100 has a double tube structure in which
the inner hollow 118 is formed within the elastic tube 114,
the outer hollow 116 is formed between the elastic tube
114 and the metal tube 112, and the inner hollow 118 is
formed within the outer hollow 116.

[0050] The metal tube 112 is formed of a metal mate-
rial, and the elastic tube 114 is formed of a metal or an
elastic material. The elastic tube 114 may be formed of
a material having an elastic restoring force, for example,
a metal, plastic, or rubber.

[0051] Hereinafter, the amplitude amplification device
200 will be described.

[0052] The amplitude amplification device 200 is dis-
posed at the rear side of the hydraulic tube 100. The
amplitude amplification device 200 includes the plurality
of casings 212 having a hollow formed therein, the plu-
rality of swell tubes 214 that are respectively disposed
within the casings 212 and have a cylindrical hollow
therein, the plurality of vibration rods 230 that are respec-
tively disposed in the hollows of the swell tubes 214, and
the plurality of elastic chips 220 that are respectively dis-
posed inthe hollows of the swell tubes 214, intersect with
the hollows, and are disposed between the vibration rods
230.

[0053] The plurality of casings 212 are configured as
a housing of the amplitude amplification device 200, and
may have a cylindrical shape having a hollow formed
therein.

[0054] The swelltube 214 is disposed within the casing
212, and may have a cylindrical shape having a hollow
formed therein in a similar manner to the casing 212.
[0055] The swell tube 214 may have a structure in
which a plurality of second elastic links 260 are arrayed
in the form of a cylinder. That is, the plurality of second
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elastic links 260 extend in a longitudinal direction are
disposed in a circumferential direction so as to form a
cylindrical tube, thereby completing the swell tube 214.
The second elastic link 260 will be described below in
detail.

[0056] The vibration rod 230 is disposed within the
swelltube 214. The vibration rod 230 is a member having
a configuration of a cylindrical beam and is disposed with-
in the swell tube 214. At least one vibration rod 230 is
disposed within the swell tube 214.

[0057] Meanwhile, a spool or a plunger may be provid-
ed atthe frontend of the vibrationrod 230, but the present
invention is not limited thereto.

[0058] As illustrated in FIG. 7, the plurality of elastic
chips 220 are disposed within the swell tube 214, and
each of the elastic chips 220 is has a circular plate for
before deformation and crosses the hollow of the swell
tube 214. The elastic chip 220 is disposed within the swell
tube 214 so as to come into contact with the vibration rod
230. The elastic chip 220 includes a plurality of holes 222
formed along a circumference thereof. Meanwhile, as il-
lustrated in FIG. 9, the holes 222 are radially disposed,
and may be formed in a fan shape with an inner side of
the hollow forming an arc thereof.

[0059] In addition, the elastic chip 220 is formed of a
material having an elastic restoring force, and may be a
Belleville spring that is formed of, for example, a metal.
Meanwhile, for example, the elastic chip 220 may have
a shape with a protruding center portion. Thus, the elastic
chip 220 is deformed in accordance with an increase or
decrease in an external force or the presence or absence
of an external force. For example, the elastic chip 220
may be deformed from a flat shape before the deforma-
tion to a curved shape in accordance with the application
of an external force. The elastic chip 220 is formed of an
elastic material, and thus, has a restoring force according
to its deformation.

[0060] Meanwhile, the elastic chip 220 is disposed to
come into contact with the vibration rod 230 and the os-
cillator head 310 and to receive a pressing force from the
oscillator head 310. Accordingly, the elastic chip 220
maintains its flat shape in an initial state when an external
force is not applied thereto. Subsequently, when an ex-
ternal force is applied to the elastic chip 220 from the
oscillator 300, the elastic chip 220 is deformed into a
curved shape according to its restoring force.

[0061] Hereinafter, the oscillator 300 will be described.
[0062] The oscillator 300 is disposed at the rear end
of the hydraulic power unit 1, and may be deformed in a
longitudinal direction of the hydraulic power unit 1. The
oscillator 300 is constituted by a piezoelectric element,
and is preferably formed as a stack including piezoelec-
tric elements. Meanwhile, the oscillator head 310 that
transmits a force according to the deformation of the os-
cillator 300 may be disposed at a tip of the oscillator 300.
At this time, the oscillator head 310 is partially inserted
into the swell tube 214 so as to come into contact with
the elastic chip 220. Thus, the elastic chip 220 may be
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disposed between the oscillator head 310 and the vibra-
tion rod 230 to thereby receive a pressing force from both
the oscillator head 310 and the vibration rod 230. In ad-
dition, a connecting device may be disposed in an oper-
ational module for driving the oscillator 300.

[0063] Meanwhile, the hydraulic engine 2 may further
include an operational module (not shown) that drives
the hydraulic power unit 1 by applying an operational
signal to the oscillator 300, adjusts a number of rotations
and a torque of the rotor, and includes a secondary bat-
tery as a driving power source.

[0064] The hydraulic engine 2 may further include an
oscillator housing 414 so as to surround the oscillator
300. The oscillator housing 414 may be filled with an
insulation oil so as to reduce the temperature of the os-
cillator 300 which increases due to the operation of the
oscillator 300. The oscillator housing 414 may include an
opened hole 416 through which the insulation oil within
the oscillator housing 414 flows and a predetermined
pipe so as to move the insulation oil. The pipe may com-
municate with a predetermined cooling unit. The cooling
unit includes a predetermined pipe structure and a cool-
ing device, and prevents the temperature of the oscillator
300 from excessively increasing, thereby preventing a
reduction of the operational efficiency of the hydraulic
power unit 1 and a hydraulic engine 2 according to the
present invention.

[0065] Preferably, the oscillator 300 is deformed when
electricity is applied thereto by an inverse piezoelectric
effect, and is deformed in a direction toward the inside
of the hollow portion of the hydraulic tube 100 and in a
direction opposite thereto.

[0066] Hereinafter, more detailed configurations and a
connection structure of components constituting the hy-
draulic power unit 1 will be described.

[0067] Preferably, the hydraulic tube 100 includes po-
sition fixation holders 180 and 181, which are disposed
within the metal tube 112 and respectively come into con-
tact with the front side and the rear side of the elastic
tube 114, and a connection jig 130 that is disposed at a
front end of the metal tube 112 and at the same time in
front of the front position fixation holder 181 coming into
contact with the front side of the elastic tube 114.
[0068] The connection jig 130 may be a member that
is disposed to fix the hydraulic power unit 1 to the hy-
draulic engine 2 when configuring the hydraulic engine
2 by using the hydraulic power unit 1. For example, the
connection jig 130 may have a pipe shape having a male
screw portion formed on the outside thereof and having
an opening 132 therein.

[0069] Atleasta portion of the connection jig 130 seals
the outer hollow 116, and the opening 132 may be formed
in at least a portion of the connection jig 130 so that the
inner hollow 118 communicates with the outside.
[0070] Thatis, as illustrated in FIG. 2, the connection
jig 130 is configured in such a manner that a portion there-
of extends in a circumferential direction. The extended
portion seals a front end of the outer hollow 116 formed
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between the metal tube 112 and the elastic tube 114 so
as to block the communication between the outer hollow
116 and the inner hollow 118. In addition, the opening
132 is formed in a center portion of the connection jig
130 so that the inner hollow 118 formed by the elastic
tube 114 communicates with the outside.

[0071] Meanwhile, a side through hole 160 is formed
at one side of the metal tube 112 so that the outer hollow
116 communicates with the outside. The movement of a
fluid through the side through hole 160 will be described
below.

[0072] The position fixation holders 180 and 181 are
respectively disposed at the front side and the rear side
of the hydraulic tube 100. In addition, the position fixation
holders 180 and 181 are disposed within the metal tube
112 so as to respectively come into contact with the front
and rear sides of the elastic tube 114. That is, the elastic
tube 114 is disposed between the position fixation hold-
ers 180 and 181 and the connection jig 130, and the
movement of a fluid between the outer hollow 116 and
the inner hollow 118 may be blocked by the position fix-
ation holders 180 and 181 and the connection jig 130.
[0073] The position fixation holder 180 is disposed to
come into contact through a seal ring 150 with at least
one vibration rod 230, which is included in the amplitude
amplification device 200. The position fixation holder 180
may transmit a deformation force according to the vibra-
tion rod 230 to a fluid within the hydraulic tube 100 through
the elastic link 170.

[0074] The elastic tube 114 is formed as a corrugated
pipe having a plurality of corrugations extending in a lon-
gitudinal direction, and thus, a cross-section of the elastic
tube 114 in a horizontal direction may have such a shape
with alternating concave portions and convex portions.
For example, as illustrated in FIG. 8, the cross-section
of the elastic tube 114 may have a star shape in which
a plurality of convex portions and a plurality of concave
portions are formed in a circumferential direction.
[0075] The elastic link 170 is disposed in the concave
portion of the elastic tube 114.

[0076] The elasticlink 170 is formed of a material hav-
ing stiffness and elasticity like an elongated steel wire.
[0077] The elastic link 170 is formed by bending an
elongated straight steel wire. For example, the elastic
link 170 is formed by bending both ends of the steel wire
inwards in a longitudinal direction as illustrated in FIG. 3
and then by bending the both ends gathered together
toward the center, and thus, the elastic link 170 has a
ring shape. Thus, the elastic link 170 may include first
curved portions formed at both ends and second curved
portions formed to come into contact with each other on
the inner side. Meanwhile, an elongated straight portion
is formed between the curved portions.

[0078] The second curved portion is bent in the form
of a ring, and may be preferably configured such that a
lower portion of the ring comes into contact with the
straight portion below the ring. That is, the lower portion
of the second curved portion may come into contact with
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at least a portion between the first curved portions.
[0079] Thus, when the both ends of the elastic link 170
are pressed in a state where the upward deformation of
the elastic link 170 is limited, the elastic link 170 may be
deformed in such a manner that the second curved por-
tions having a ring shape are gathered together on the
inner side and press the straight portion below the second
curved portions so as to be bent downwards.

[0080] The elastic link 170 is a member having a con-
figuration and arrangement as presented above, and it
should be understood that the elastic link 170 is not a
member for connecting other members.

[0081] Meanwhile, the predetermined position fixation
holders 180 and 181 may be provided so as to appropri-
ately position the elasticlink 170 within the hydraulic tube.
The position fixation holders 180 and 181 are provided
at both ends of the elastic link 170 and the elastic tube
114. As illustrated in FIG. 4, a predetermined step height
formed in the inner surface of the of connection jig 130
may function as the position fixation holder 181.

[0082] Thatis, the elastic link 170 is disposed in front
of the vibration rod 230 so as to be interposed between
the connection jig 130 and position fixation holders 180
and 181. Thus, as described above, when a deformation
force is applied the elastic link 170 through the vibration
rod 230, the elastic link 170 is deformed in a direction of
an inner diameter, and thus, the elastic link 170 presses
the elastic tube 114, thereby changing a pressure of a
fluid within the elastic tube 114.

[0083] The elasticlink 170 according to the currentem-
bodiment may be more stably fixed between the connec-
tion jig 130 and the position fixation holders 180 and 181,
and the second curved portions bent in the form of a ring
come into contact with the straight portion disposed be-
low the second curved portions. Thus, the elastic link 170
may be more stably deformed in the direction of the inner
diameter due to the deformation force in both lateral di-
rections. Accordingly, the fluid within the hydraulic tube
100 may be more smoothly extruded or inpoured.
[0084] Thatis, when the elasticlink 170 is compressed
by the vibration rod 230 in a longitudinal direction, the
second curved portions are pressed inwards against
each other, and thus, the second curved portions press
the straight portion, which is disposed below the second
curved portions, downwards. Thus, when the vibration
rod 230 presses the elastic link 170, the straight portion
is prevented from being deformed upwards and is
pressed downwards due to the pressure of the second
curved portions to thereby be deformed. In addition, the
vibration rod 230 presses the elastic link 170 so that the
elastic tube 114 is deformed inwards.

[0085] FIGS. 9 and 10 illustrate the amplitude amplifi-
cation device 200.

[0086] The amplitude amplification device 200 accord-
ing to the current embodiment includes the plurality of
casings 212 having a hollow formed therein, the plurality
of second elastic links 260 that are respectively disposed
in the hollows of the casings 212 so as to constitute a
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tube, the plurality of vibration rods 230 that are disposed
in the tube constituted by the elasticlinks, and the plurality
of elastic chips 220 that are respectively disposed in the
hollows of the swell tubes 214 so as to intersect with the
hollows.

[0087] The casing 212, the vibration rod 230, and the
elastic chip 220 are as described above. Herein, a de-
tailed configuration of the swell tube 214 will be de-
scribed.

[0088] The second elastic link 260 constituting the
swell tube 214 has a similar structure to the elastic link
170 which is described with respect to the hydraulic tube
100. That is, the second elastic link 260 is formed by
bending an elongated steel wire. For example, the elastic
link 170 is formed by bending both ends of the steel wire
inwards in a longitudinal direction as illustrated in FIG. 3
and then by bending the both ends gathered together
toward the center, and thus the second elastic link 260
has a ring shape. Thus, the elastic link 170 may include
first curved portions formed at both ends and second
curved portions formed to come into contact with each
other on the inner side. Meanwhile, an elongated straight
portion is formed between the curved portions.

[0089] The second curved portion is bent in the form
of a ring, and may be preferably configured such that a
lower portion of the ring comes into contact with the
straight portion below the ring. Thus, when the both ends
ofthe second elasticlink 260 are pressed in a state where
the upward deformation of the second elastic link 260 is
limited, the second elastic link 260 may be deformed in
such a manner that the second curved portions having
aring shape are gathered together on the inner side and
press the straight portion below the second curved por-
tions so as to be bent downwards.

[0090] Meanwhile, the elastic chip 220 may be dis-
posed to cover the second curved portions. That is, as
illustrated in FIG. 9, the elastic chip 220 may be disposed
in a portion where the second curved portions are gath-
ered together on the inner side. Thus, a deformation due
to pressing may be concentrated on the elastic chip 220
which is disposed at a position where the second curved
portions are disposed.

[0091] The second elastic links 260 are arranged in a
circumferential direction so as to constitute a tube. That
is, the plurality of second elastic links 260 are disposed
centering around the vibration rod 230 in the circumfer-
ential direction of the vibration rod 230, and thus, the
plurality of elastic links 260 may form a hollow in a direc-
tion of an inner diameter.

[0092] Atthistime, in order to appropriately fix the sec-
ond elastic link 260, the casing 212 may have a prede-
termined step height, but the presentinvention is not lim-
ited thereto.

[0093] As described above, when the second elastic
link 220 receives a deformation force in a direction of an
inner diameter by a vibration force of the oscillator 300,
the second elastic link 220 may be deformed in the di-
rection of the inner diameter to thereby press the elastic
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chip 114, and thus, the elastic chip 114 may deform.
[0094] The second elasticlink 260 according to the cur-
rent embodiment may be more stably fixed within the
casing 212, and the second curved portions bent in the
form of a ring come into contact with the straight portion
disposed below the second curved portions. Thus, the
second elastic link 260 may be more stably deformed in
the direction of the inner diameter due to the deformation
force in both lateral directions. Accordingly, the second
elastic link 260 may be more stably deformed, and the
hydraulic power unit may reliably operate.

[0095] Hereinafter, an operation of the hydraulic power
unit 1 will be described.

[0096] First, an operation of the amplitude amplifica-
tion device 200 will be described below.

[0097] As illustrated in FIG. 7, when an external force
is applied to the elastic chip 220 from the oscillator 300,
the elastic chip 220 is deformed into a curved shape with
a protruding center portion. The elastic chip 220 may be
repeatedly deformed and restored to the original shape
according to the external force applied from the oscillator
300 disposed below the hydraulic power unit 1.

[0098] For example, when the oscillator 300 is de-
formed, the swell tube 214 is deformed inwards by a de-
formation force transmitted from the oscillator head 310
to thereby press the elastic chip 220. Thus, the center
portion of the elastic chip 220 is deformed into such a
curved shape with a protruding center portion.

[0099] The vibration of the oscillator 300 and the de-
formation of the elastic chip 220 take place in a longitu-
dinal direction of the hydraulic power unit 1. Thus, the
capacity of the elastic tube 114 within the hydraulic tube
100 is changed, thereby extruding a fluid filled in the inner
hollow 118 within the elastic tube 114 to the outside
through the opening 132 which is formed in the connec-
tion jig 130.

[0100] Meanwhile, the extruded fluid passes through
a predetermined path and a fluid chamber. Then, the fluid
changes its direction to flow into the above-mentioned
outer hollow 116, which will be described below.

[0101] Meanwhile, the elastic chip 220 receives a
pressing force from the vibration rod 230 and is disposed
between the vibration rods 230, and thus, the elastic chip
220 maintains its flat shape in an initial state where no
external force is applied thereto from the oscillator 300.
[0102] Meanwhile, as described above, not only one
elastic chip 220 but also a plurality of the elastic chips
220 may be stacked on each other.

[0103] Thus, when seen from a longitudinal direction
of the hydraulic power unit 1, a hole formed in the elastic
chip 220 may be wholly or partially covered other of the
elastic chips 220. At this time, as illustrated in FIG. 6, the
elastic chips 220 may be stacked in such a manner that
curved surfaces thereof are curved in the same direction
or in a direction in which they face each other, but the
present invention is not limited thereto.

[0104] When the hydraulic power unit 1 according to
the present invention and all members that are internally
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or externally connected thereto are filled with a fluid and
sealed, the fluid within the sealed space may be circu-
lated in a desired direction.

[0105] In order to increase an amount and a force of
the fluid which is extruded through the opening 132, a
deformation amount of the oscillator 300 is required to
be increased. A method of increasing the deformation
amountofthe oscillator 300 may be classified into a meth-
od of increasing a voltage of electric energy to be applied
and a method of mechanically stacking a plurality of pi-
ezoelectric elements used as the oscillator 300.

[0106] In addition, as described above, the amplitude
amplification device 200 is disposed between the oscil-
lator 300 and the hydraulic tube 100, and thus, an amount
of fluid which is extruded and inpoured through an extru-
sion passage 434 and an amount of fluid which is extrud-
ed and inpoured through an inlet may be increased,
thereby further increasing the output of the hydraulic
power unit 1.

[0107] Hereinafter, the hydraulic engine 2 including the
hydraulic power unit 1 according to the present invention
will be described.

[0108] FIG. 11 is a diagram illustrating the hydraulic
engine 2 including the hydraulic power unit 1 according
to the embodiment of the present invention. FIG. 12 is a
diagram illustrating a rear flange 430 of the hydraulic en-
gine 2 according to the embodiment of the present in-
vention. FIG. 13 is a diagram illustrating a front flange
440 of the hydraulic engine 2 according to the embodi-
ment of the present invention. FIG. 14 is a diagram illus-
trating a flow of a working fluid of the hydraulic engine 2
according to the embodiment of the present invention.
FIG. 15 is a diagram illustrating a state where the whole
hydraulic force of a working fluid is balanced.

[0109] The hydraulic engine 2 according to the present
invention includes the hydraulic power unit 1, a housing,
arotor 420 that is rotatably supported within the housing
and is provided with a rotor blade 422 on the circumfer-
ence thereof, afluid chamber 450 which is disposed with-
in the housing, and a flange.

[0110] Theflangeincludes the front flange 440 and the
rear flange 430, and a rotor is disposed between the front
flange 440 and the rear flange 430.

[0111] Therearflange 430 includes a fixation hole 432
for fixing the hydraulic power unit 1, and an extrusion
passage 434. The extrusion passage 434 is formed so
that the rotor blade 422 formed in the rotor and the inner
hollow 118 of the hydraulic tube 100 included in the hy-
draulic power unit 1 communicate with each other.
[0112] The front flange 440 includes a discharge hole
442 for discharging a fluid which is inpoured through the
rotor blade 422, and the fluid chamber 450 disposed in
front of the front flange 440.

[0113] The housing is a member constituting an outer
shape of the hydraulic engine 2 according to the current
embodiment of the present invention. The rotor 420 and
a plurality of the hydraulic power units 1 may be disposed
within the housing.
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[0114] The rotor 420 is a member which is rotatably
disposed within the housing. The rotor 420 includes a
plurality of the rotor blades 422 that protrude in a direction
of the radius of the rotor 420 with respect to a rotation
axis of the rotor 420. Meanwhile, the rotor 420 may have
a predetermined configuration of, for example, a prede-
termined double helical gear.

[0115] The output axis 402 may extend from the rota-
tion axis of the rotor 420 within a flange or may be formed
integrally with the rotation axis of the rotor 420. The output
axis 402 may be installed so as to protrude to the outside
from the housing.

[0116] Meanwhile, the housing may be divided into an
upper housing 410 and a lower housing 412. A sealing
member is disposed between the upper housing 410 and
the lower housing 412 so as to prevent the fluid from
leaking.

[0117] FIGS. 12 and 13 illustrate a flange. Referring to
FIGS. 12 and 13, the flange forms a frame of the hydraulic
engine 2 and may keep the hydraulic power unit 1 in a
constant position.

[0118] The flange includes the front flange 440 and the
rear flange 430. The front flange 440 and the rear flange
430 are disposed within the housing, and the rotor 420
is disposed between the front flange 440 and the rear
flange 430.

[0119] The front flange 440 and the rear flange 430 are
formed in the form of aring. Thatis, as illustrated in FIGS.
12 and 13, the front flange 440 and the rear flange 430
are formed in the form of a ring in which a hollow is formed
therein.

[0120] The hydraulic power unit 1 is fixed to the rear
flange 430. The rear flange 430 includes the predeter-
mined fixation hole 432. A female screw portion is formed
in the fixation hole 432 so as to be coupled with a male
screw portion formed in the connection jig 130. At this
time, a plurality of the fixation holes 432 may be formed,
and the hydraulic power unit 1 may be fixed to the fixation
hole 432.

[0121] The extrusion passage 434 is formed in the rear
flange 430, and the extrusion passage 434 is connected
to the fixation hole 432. The extrusion passage 434 is
disposed between the rotor 420 and the hydraulic tube
100. A fluid extruded from the inner hollow 118 within the
hydraulic tube 100 may be transmitted to the rotor 420
through the extrusion passage 434. Preferably, the ex-
trusion passage 434 forms a tilt angle with respect to the
rotor blade 422 so that the fluid extruded from the hy-
draulic tube 100 applies an extrusion force to the rotor
blade 422 to thereby rotate the rotor 420. That is, the
fluid extruded through the hydraulic tube 100 applies an
extrusion force to the rotor blade 422 to thereby rotate
the roto4 420, thereby generating power. The injection
chamber passage 438 is formed in the rear flange 430.
The injection chamber passage 438 is connected to the
injection passage 436. A fluid transmitted from the rotor
420 may be injected into the side through hole 160
through the injection chamber passage 438 and the in-
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jection passage 436. A fluid extruded from the extrusion
passage 434 may rotate the rotor 420. Thereafter, the
fluid passes through the discharge hole 442 and be trans-
mitted to the fluid chamber 450. Thereafter, the fluid
changes its direction and passes through the discharge
hole 444 and the injection passage 436. And a fluid may
be injected into the side through hole 160 connected to
the injection chamber passage 438 and the rear fluid
chamber 470.

[0122] The discharge hole 442 is formed in the front
flange 440, and the fluid chamber 450 is formed in front
of the front flange 440. The fluid extruded through the
extrusion passage 434 applies an extrusion force to the
rotor blade 422 to thereby rotate the rotor 420. Then, the
fluid passes through the fluid chamber 450 and changes
its direction to thereby rotate the rotational rotor 420
again. Similarly to the extrusion passage 434, the dis-
charge hole 442 may have a tilt angle.

[0123] At this time, the discharge hole 442 formed in
the front flange 440 and the side through hole 160 formed
in the metal tube 112 of the hydraulic tube 100 are con-
nected to each other through the fluid chamber 450, and
thus, a flowing path along which the fluid flows is formed.
Thatis, the discharge hole 442 formed in the front flange
440is configured in such amanner that an extrusion fluid,
which flows through the side through hole 160 formed in
the metal tube 112 to thereby rotate the rotor 420, applies
rotatory power to the rotational rotor 420 through the fluid
chamber 450 and a fluid movement path so as to flow
into the outer hollow 116 through the side through hole
160. Thus, the fluid extruded from the inner hollow 118
may rotate the rotor 420 and then flow into the outer hol-
low 116. Therefore, the fluid may be extruded to the inside
or outside of the hydraulic tube 100, and the extrusion
and inpouring of the fluid with respect to the hydraulic
tube 100 may be bidirectionally performed at the same
time, thereby rotating the rotor 420 in one direction.
Meanwhile, the predetermined fluid chamber 450 having
the working fluid gathered therein may be included in the
fluid movement path of the outer hollow 116.

[0124] Preferably, hydraulic power units 1 in an even
number are installed within the hydraulic engine 2 so as
to be associated with each other, and thus, the hydraulic
power units 1 may replenish a balance force.

[0125] Thatis, asillustrated in FIG. 14, a first hydraulic
power unit 1A and a second hydraulic power unit 1 B may
be disposed in one hydraulic engine 2. At this time, each
hydraulic power unit 1 may be disposed in a circumfer-
ential direction of the rotor 420. A working fluid extruded
from the first hydraulic power unit 1A may rotate the rotor
420, may be discharged to the fluid chamber 450 through
the discharge hole 442, may change its direction through
the fluid chamber 450, may rotate another rotor through
another discharge hole 444, and then may be drawn into
the first hydraulic power unit 1A through the side through
hole 160, the injection chamber passage 438 and the
injection passage 436 .

[0126] The above-mentioned operation may be in-
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versely repeated.

[0127] In addition, a complementary operation be-
tween fluids is performed between the first hydraulic pow-
erunit 1A and the second hydraulic power unit 1B through
the fluid chamber 450 and the injection chamber passage
438, and rotatory power of the rotor may be constantly
maintained during such a complementary operation be-
tween fluids.

[0128] As illustrated in FIG. 13, a force applied to a
fluid may be constantly balanced by a complementary
operation so that a strong forward driving force of the
oscillator 300 of the even-numbered hydraulic power
units 1A and a weak backward driving force of the oscil-
lator 300 of the even-numbered hydraulic power unit 1 B
are combined with each other through a forward driving
fluid that is extruded from the fluid chamber 450 and the
injection chamber passage 438.

[0129] Meanwhile, a predetermined accumulator 460
may be provided in a fluid movement path between the
discharge hole 442 and the side through hole 160. The
accumulator 460 adjusts a flow rate of a fluid. The accu-
mulator 460 may be configured to replenish a fluid when
aflow rate of the fluid changes due to temperature, pres-
sure, or loss of the fluid or to appropriately adjust a flow
rate of the fluid.

[0130] The hydraulic power unit 1 extrudes andinpours
a fluid in a tangential direction of one surface of the rotor
420 toward a plurality of the rotor blades 422 that are
disposed in the rotor 420.

[0131] Preferably, the hydraulic engine 2 may further
include an operational module 500 that drives the hy-
draulic power unit 1, adjusts a number of rotations and
a torque of the rotor, and includes a secondary battery
as a driving power source.

[0132] In the hydraulic engine 2 according to the
presentinvention, an inverse piezoelectric effectis main-
ly used by the ceramic oscillator 300 that is included in
the hydraulic power unit 1 constituting the hydraulic en-
gine 2. Based on the inverse piezoelectric effect, a dis-
placement and strong force occur in the ceramic oscilla-
tor 300 according to adriving voltage, a driving frequency,
and stiffness (rigidity) of the ceramic oscillator 300. Since
a working fluid to be extruded strongly presses the rotor
blade 422 due to the displacement and strong force, a
torque for rotating the rotor 420 may be extremely in-
creased. In particular, a flow rate of the working fluid may
be arbitrarily changed by adjusting a time to apply a driv-
ing signal.

[0133] Meanwhile, the hydraulic engine 2 according to
the present invention does not require additional power
or fuel except for power of a secondary battery included
in a driving module, which is used to generate a signal
to be applied to the ceramic oscillator 300 included in the
hydraulic power unit 1. Accordingly, the hydraulic engine
2 may be continuously driven within a lifespan range of
the ceramic oscillator 300 and a secondary battery for
supplying power for applying a driving signal to the ce-
ramic oscillator 300 without supplying additional power
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or fuel.

[0134] In addition, the hydraulic engine 2 according to
the presentinvention includes an amplitude amplification
device, and thus, a vibration amplitude according to the
oscillator 300 may be further amplified. Accordingly, the
hydraulic engine 2 may have a larger output.

[0135] As described above, according to the one or
more of the above embodiments of the present invention,
in a hydraulic engine, an inverse piezoelectric effect is
mainly used in a ceramic oscillator included in a hydraulic
power unit of the hydraulic engine. Based on the inverse
piezoelectric effect, a displacement and strong force oc-
curinthe ceramic oscillator according to adriving voltage,
a driving frequency, and stiffness (rigidity) of the ceramic
oscillator. Since a working fluid to be extruded strongly
presses a rotor blade due to the displacement and strong
force, a torque for rotating a rotor may be extremely in-
creased. In particular, a flow rate of the working fluid may
be arbitrarily changed by adjusting a time to apply a driv-
ing signal.

[0136] Meanwhile, the hydraulic engine according to
the present invention does not require additional power
or fuel except for power of a secondary battery included
in a driving module, which is used to generate a signal
to be applied to the ceramic oscillator included in the
hydraulic power unit. Accordingly, the hydraulic engine
may be continuously driven within a lifespan range of the
ceramic oscillator and a secondary battery for supplying
power for applying a driving signal to the ceramic oscil-
lator without supplying additional power or fuel.

[0137] In addition, the hydraulic engine according to
the presentinvention includes an amplitude amplification
device, and thus, a vibration amplitude according to an
oscillator may be further amplified. Accordingly, the hy-
draulic engine may have a larger output.

[0138] It should be understood that the exemplary em-
bodiments described therein should be considered in a
descriptive sense only and not for purposes of limitation.
Descriptions of features or aspects within each embod-
iment should typically be considered as available for oth-
er similar features or aspects in other embodiments.
[0139] While one or more embodiments of the present
invention have been described with reference to the fig-
ures, it will be understood by those of ordinary skill in the
artthat various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

Claims
1. A hydraulic engine comprising:

a hydraulic power unit comprising a hydraulic
tube comprising a hollow portion having an
opened front end and being filled with a fluid, an
amplitude amplification device that is disposed
attherear side of the hydraulic tube, an oscillator
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that is disposed at the rear side of the amplitude
amplification device so as to be deformed and
increases and decreases a pressure within the
hydraulic tube, and an oscillator head that is at-
tached to a front end of the oscillator,

wherein the hydraulic tube extends in a longitu-
dinal direction, comprises a metal tube formed
onthe outside thereof and an elastic tube formed
on the inside thereof, and is configured in the
form of a double tube having an outer hollow
and an inner hollow,

wherein the amplitude amplification device com-
prises a casing having a hollow formed therein,
a swell tube that is disposed within the casing
and has a cylindrical hollow therein, a plurality
of vibration rods that are disposed in the hollow
of the swell tube, and an elastic chip that is dis-
posed in the hollow of the swell tube, intersects
with the hollow, and is disposed between the
plurality of vibration rods,

wherein the oscillator moves bidirectionally and
changes a pressure within the hydraulic tube by
applying deformation force to the vibration rod
according to its deformation so that a fluid within
the hydraulic tube is extruded to the outside or
flows into the hydraulic tube.

The hydraulic engine of claim 1, wherein the oscil-
lator is deformed in a direction toward the inside of
the hollow portion of the hydraulic tube and in an
opposite direction when electricity is applied thereto
by an inverse piezoelectric effect.

The hydraulic engine of claim 1, wherein the hydrau-
lic tube comprises a front position fixation holder and
a rear position fixation holder that is disposed within
the metal tube and comes into contact with a front
side and a rear side of the elastic tube, and a con-
nection jig that is disposed at a front end of the metal
tube and is disposed so as to come into contact with
the front side of the position fixation holder of the
elastic tube,

wherein the position fixation holder is disposed so
as to come into contact via a seal ring with at least
one vibration rod included in the amplitude amplifi-
cation device,

wherein at least a portion of the connection jig seals
the outer hollow,

wherein an opening is formed in at least a portion of
the connection jig so as to cause the inner hollow
and the outside to communicate with each other, and
wherein a side through hole is formed at one side of
the metal tube so as to cause the outer hollow and
the outside to communicate with each other.

The hydraulic engine of claim 3,
wherein the hydraulic tube comprises a plurality of
first elastic links,



10.

19

wherein the elastic tube is formed as a corrugated
pipe having a plurality of corrugations extending in
a longitudinal direction,

wherein the first elastic link is disposed so as to come
into contact with a concave portion of the corrugation
and to extend in a longitudinal direction along the
corrugation, and

wherein one end of the first elastic link comes into
contact with the connection jig through the front po-
sition fixation holder, the other end thereof comes
into contact with the vibration rod through the posi-
tion fixation holder, and the elastic tube is pressed
in a horizontal direction according to a deformation
force of the vibration rod.

The hydraulic engine of claim 4,

wherein the first elastic link is formed by bending an
elongated steel wire,

wherein the first elastic link comprises first curved
portions, which are both sides of the steel wire being
bent inwards in a longitudinal direction, and second
curved portions, which are both ends of the steel
wire being bent and gathered together toward the
center through the first curved portions, and
wherein the second curved portion has a ring shape.

The hydraulic engine of claim 5, wherein a lower por-
tion of the second curved portion comes into contact
with at least a portion between the first curved por-
tions.

The hydraulic engine of claim 1, wherein the elastic
chip is formed of a material having an elastic restor-
ing force, the elastic chip having a form of a circular
plate with a protruding central portion, and is provid-
ed with a plurality of holes formed along a circum-
ference thereof.

The hydraulic engine of claim 7, wherein the holes
are formed in a fan shape with a portion of the cir-
cumference of the elastic chip forming an arc thereof.

The hydraulic engine of claim 8, wherein the swell
tube comprises a plurality of second elastic links that
are disposed along a circumferential surface of the
vibration rod.

The hydraulic engine of claim 9,

wherein the second elastic link is formed by bending
an elongated steel wire,

wherein the second elastic link comprises first
curved portions, which are both sides of the steel
wire being bent inwards in a longitudinal direction,
and second curved portions, which are both ends of
the steel wire being bent and gathered together to-
ward the center through the first curved portions, and
wherein the second curved portion has a ring shape.
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The hydraulic engine of claim 10, wherein a lower
portion of the second curved portion comes into con-
tact with at least a portion between the first curved
portions.

The hydraulic engine of claim 11, wherein the elastic
chip is disposed at a position overlapping a position
at which the second curved portion is disposed.

A hydraulic engine comprising:

the hydraulic power unit of any one of claims 1
to 12;

a housing;

a rotor that is rotatably supported within the
housing and has a rotor blade disposed on the
circumference thereof; and

a flange that is disposed within the housing,
wherein the flange comprises a front flange and
a rear flange, and a rotor is disposed between
the front flange and the rear flange,

wherein the rear flange comprises afixation hole
for fixing the hydraulic power unit and an extru-
sion hole,

wherein the extrusion passage is configured to
cause the rotor blade of the rotor and an inner
hollow of a hydraulic tube included in the hy-
draulic power unit to communicate with each
other, and

wherein the front flange comprises a fluid cham-
ber and a discharge hole so that a fluid inpoured
through the rotor blade is bidirectionally dis-
charged.

The hydraulic engine of claim 13, wherein the extru-
sion passage has a tilt angle with respect to the rotor
blade so that the fluid extruded from the hydraulic
tube applies an extrusion force to the rotor blade to
thereby rotate the rotor.

The hydraulic engine of claim 14, wherein the fluid
chamber and the discharge hole formed in front of
the front flange and a side through hole formed in a
metal tube of the hydraulic tube are connected to
each other so that the fluid flows therebetween.

The hydraulic engine of claim 13, further comprising
an operational module that drives the hydraulic pow-
er unit, adjusts a number of rotations and torque of
the rotor, and comprises a secondary battery as a
driving power source.

Amended claims in accordance with Rule 137(2)
EPC.

1.

A hydraulic engine comprising:
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a hydraulic power unit (1) comprising a hydraulic
tube (100) comprising a hollow portion having
an opened front end and being filled with a fluid,
an amplitude amplification device (200) that is
disposed at the rear side of the hydraulic tube
(100), an oscillator (300) that is disposed at the
rear side of the amplitude amplification device
(200) so as to be deformed and increases and
decreases a pressure within the hydraulic tube
(100), and an oscillator head (310) that is at-
tached to a front end of the oscillator (300),
wherein the hydraulic tube (100) extends in a
longitudinal direction, comprises a metal tube
(112) formed on the outside thereof and an elas-
tic tube (114) formed on the inside thereof, and
is configured in the form of a double tube having
an outer hollow (116) and an inner hollow (118),
wherein the amplitude amplification device
(200) comprises a casing (212) having a hollow
formed therein, a swell tube (214) that is dis-
posed within the casing (212) and has a cylin-
drical hollow therein, a plurality of vibration rods
(230) that are disposed in the hollow of the swell
tube (214), and an elastic chip (220) that is dis-
posed in the hollow of the swell tube (214), in-
tersects with the hollow, and is disposed be-
tween the plurality of vibration rods (230),
wherein the oscillator (300) moves bidirection-
ally and changes a pressure within the hydraulic
tube (100) by applying deformation force to the
vibration rod (230) according to its deformation
so that a fluid within the hydraulic tube (100) is
extruded to the outside or flows into the hydraulic
tube (100).

The hydraulic engine (2) of claim 1, wherein the os-
cillator (300) is deformed in a direction toward the
inside of the hollow portion of the hydraulic tube (100)
and in an opposite direction when electricity is ap-
plied thereto by an inverse piezoelectric effect.

The hydraulic engine (2) of claim 1, wherein the hy-
draulic tube (100) comprises a front position fixation
holder (181) and a rear position fixation holder (180)
that is disposed within the metal tube (112) and
comes into contact with a front side and a rear side
of the elastic tube (114), and a connection jig (130)
that is disposed at a front end of the metal tube (112)
and is disposed so as to come into contact with the
front side of the front position fixation holder(181) of
the elastic tube (114),

wherein the rear position fixation holder(180) is dis-
posed so as to come into contact via a seal ring (150)
with at least one vibration rod (230) included in the
amplitude amplification device (200),

wherein at least a portion of the connection jig (130)
seals the outer hollow (116), wherein an opening is
formed in atleasta portion of the connection jig (130)
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so as to cause the inner hollow (118) and the outside
to communicate with each other, and

wherein a side through hole (160) is formed at one
side of the metal tube (112) so as to cause the outer
hollow(116) and the outside to communicate with
each other.

The hydraulic engine (2) of claim 3,

wherein the hydraulic tube (100) comprises a plural-
ity of first elastic links (170), wherein the elastic tube
(114) is formed as a corrugated pipe having a plu-
rality of corrugations extending in a longitudinal di-
rection,

wherein the first elastic link (170) is disposed so as
to come into contact with a concave portion of the
corrugation and to extend in a longitudinal direction
along the corrugation, and

wherein one end of the first elastic link (170) comes
into contact with the connection jig (130) through the
front position fixation holder (181), the other end
thereof comes into contact with the vibration rod
(230) through the rear position fixation holder(180),
and the elastic tube (114) is pressed in a horizontal
direction according to a deformation force of the vi-
bration rod (230).

The hydraulic engine (2) of claim 4,

wherein the first elastic link (170) is formed by bend-
ing an elongated steel wire, wherein the first elastic
link (170) comprises first curved portions, which are
both sides of the steel wire being bent inwards in a
longitudinal direction, and second curved portions,
which are both ends of the steel wire being bent and
gathered together toward the center through the first
curved portions, and

wherein the second curved portion has a ring shape.

The hydraulic engine (2) of claim 5, wherein a lower
portion of the second curved portion comes into con-
tact with at least a portion between the first curved
portions.

The hydraulic engine (2) of claim 1, wherein the elas-
tic chip (220) is formed of a material having an elastic
restoring force, the elastic chip (220) having a form
of a circular plate with a protruding central portion,
and is provided with a plurality of holes (222) formed
along a circumference thereof.

The hydraulic engine (2) of claim 7, wherein the holes
(222) are formed in a fan shape with a portion of the
circumference of the elastic chip (220) forming an
arc thereof.

The hydraulic engine (2) of claim 8, wherein the swell
tube (214) comprises a plurality of second elastic
links (260) that are disposed along a circumferential
surface of the vibration rod (230).
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The hydraulic engine (2) of claim 9,

wherein the second elastic link (260) is formed by
bending an elongated steel wire,

wherein the second elastic link (260) comprises first
curved portions, which are both sides of the steel
wire being bent inwards in a longitudinal direction,
and second curved portions, which are both ends of
the steel wire being bent and gathered together to-
ward the center through the first curved portions, and
wherein the second curved portion has a ring shape.

The hydraulic engine (2) of claim 10, wherein a lower
portion of the second curved portion comes into con-
tact with at least a portion between the first curved
portions.

The hydraulic engine (2) of claim 11, wherein the
elastic chip (220) is disposed at a position overlap-
ping a position at which the second curved portion
is disposed.

A hydraulic engine (2) according to any one of the
preceding claims further comprising:a housing;

a rotor (420) that is rotatably supported within the
housing and has a rotor blade (422) disposed on the
circumference thereof; and

a flange that is disposed within the housing,
wherein the flange comprises a front flange (440)
and a rear flange (430), and the rotor (420) is dis-
posed between the front flange (440) and the rear
flange (430),

wherein the rear flange (430) comprises a fixation
hole(432) for fixing the hydraulic power unit (1) and
an extrusion passage (434),

wherein the extrusion passage (434) is configured
to cause the rotor blade (422) of the rotor(420) and
aninner hollow(118) of a hydraulic tube (100) includ-
ed in the hydraulic power unit (1) to communicate
with each other, and

wherein the front flange (440) comprises a fluid
chamber (450) and a discharge hole (442) so that a
fluid inpoured through the rotor blade (422) is bidi-
rectionally discharged.

The hydraulic engine (2) of claim 13, wherein the
extrusion passage (434) has a tilt angle with respect
to the rotor blade (422) so that the fluid extruded from
the hydraulic tube (100) applies an extrusion force
to the rotor blade (422) to thereby rotate the rotor.

The hydraulic engine (2) of claim 14, wherein the
fluid chamber (450) and the discharge hole (442)
formed in front of the front flange (440) and a side
through hole(160) formed in a metal tube (112) of
the hydraulic tube (100) are connected to each other
so that the fluid flows therebetween.

The hydraulic engine (2) of claim 13, further com-
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prising an operational module (500) that drives the
hydraulic power unit (1), adjusts a number of rota-
tions and torque of the rotor (420), and comprises a
secondary battery as a driving power source.
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