Office de la Propriete Canadian CA 2918495 A1 2015/02/05

Intellectuelle Intellectual Property
du Canada Office (21) 2 91 8 495
;’,Png[%?rfi“esgaena i mfﬁ?%yaﬁ; i 12y DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2014/04/21 (51) ClL.Int./Int.Cl. F16H 7/04 (2006.01),

F03B 13/16 (2006.01), F16D 41/06 (2006.01),
F16H 55/36 (2006.01), F16H 7/08 (2006.01)

(71) Demandeur/Applicant:

(87) Date publication PCT/PCT Publication Date: 2015/02/05
(85) Entree phase nationale/National Entry: 2016/01/15

(86) N° demande PCT/PCT Application No.: KR 2014/003465 INGINE, INC., KR

(87) N° publication PCT/PCT Publication No.: 2015/016457 (72) Inventeurs/Inventors:

(30) Priorités/Priorities: 2013/07/31 (KR10-2013-0091243); SUNG, YONGJUN, KR;
2014/04/18 (KR10-2014-0046679) KIM, JUNGHEE, KR;

LEE, DONGGEON, KR
(74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : DISPOSITIF DE CONVERSION DE PUISSANCE
(54) Title: POWER CONVERSION DEVICE

(57) Abrege/Abstract:
he present invention relates to a power conversion device, which receives power from a power source floating on the ocean and

carries out Irregular motion by waves within a predetermined range in the vertical and lateral directions so as to generate
Intermittent linear power, generates electricity by rotating an output shaft connected to a power generator using some of the power
from the power source, and stores the remaining power In an energy storage device such that, after storage, the output shaft is
rotated by the stored energy when the power Is not transmitted from the power source, thereby improving power generating
efficiency.

SRR VNEEEN
R 5. sas ALy
O
A

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 02918455 2016-01-15

16

ABSTRACT
A power converting apparatus that may increase a generation efficiency by
receiving a power from a power source, producing electricity by rotating an output shaft
connected to a generator using a portion of the received power, accumulating a
remaining portion of the received power in an energy storage device, and rotating the
output shaft using the accumulated energy when a power is not transmitted from the
power source, the power source that floats in the ocean, performs irregular motions in

vertical and horizontal directions by waves within a predetermined range, and generates

an intermittent linear power, is provided.
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POWER CONVERSION DEVICE

Technical Field

Embodiments of the present invention relate to a power converting apparatus,
and more particularly, to a power converting apparatus that may increase a generation
efficiency by receiving a power from a power source, producing electricity by rotating
an output shaft connected to a generator using a portion of the received power,
accumulating a remaining portion of the received power in an energy storage device,
and rotating the output shaft using the accumulated energy when a power is not
transmitted from the power source, the power source that floats in the ocean, performs

irregular motions by waves within a predetermined range, and generates an intermittent

linear power.

Background Art

A wave power generation apparatus refers to facilities that rotate a generator
using a flux of waves, and produce electric energy through a rotary motion of the
generator. To solve an issue of constructing a large-scale power plant in the ocean in
view of an output fluctuation in wave energy, maritime countries having abundant wave
resources are actively promoting the development of wave energy.

As a conventional art related to wave power generation, Korean Patent No. 10-
1049518 discloses "Apparatus for wave power generation” that may drive a generator
using a vertical motion of waves and convert the vertical motion into electric energy.
When a buoyant body moves upward, a torque may be transmitted to a power
transmitting shaft, whereby the wave power generation apparatus may generate a power.
By configuring a power transmitting rope to be wound and restored by a return
apparatus when the buoyant body moves downward, the wave power generation
apparatus may generate a power continuously, and increase a structural stability
irrespective of an external force by waves.

Further, Korean Patent Application Publication No. 2004-0026588 discloses
"Device for generating electricity using waves" that may convert a vertical motion of a
buoy into a unidirectional rotary motion through a power transmission interruption
member of a power converter, produce and control a compressed air at a uniform

pressure using the converted unidirectional rotary motion through a compressed air
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generator and a pressure controller, and produce electricity by supplying the compressed
atr to a generator.

However, power converting apparatuses applied to the conventional power
generatton apparatuses are mainly configured to efficiently convert a linear power in a
vertical direction of a buoyant body into a rotation power. Thus, in a case in which a
linear motion of the buoyant body occurs in a horizontal direction by waves, the power
converting apparatuses may not convert the linear power into a rotation power, or a
conversion efficiency may remarkably decrease and mechanical damage or fatigue may
OCCur.

Further, there 1s a method in which a buoyant body corresponding to a power
source 1s connected to a shaft with a rope, and when the rope is moved by the power
source, the rope wound over the shaft is unwound and rotates the shaft, whereby a
rotation power is obtained. In such a method, when a length of the rope runs out, a
power may no longer be transmitted. To transmit a power iteratively, the moved rope
IS to be wound over the shaft again. Thus, a continuity of the power transmission may
be lost, and a generation efficiency may decrease.

Disclosure of Invention

Technical Goals

To solve the foregoing issues of the conventional arts, an aspect of the present
invention provides a power converting apparatus that may increase a generation
efficiency by receiving a power from a power source, producing electricity by rotating
an output shaft connected to a generator using a portion of the received poOWEer,
accumulating a remaining portion of the received power in an energy storage device,
and rotating the output shaft using the accumulated energy when a power is not
transmitted from the power source, the power source that floats in the ocean, performs
irregular motions in vertical and horizontal directions by waves within a predetermined
range, and generates an intermittent linear power.

Technical solutions

According to an aspect of the present invention, there is provided a power
converting apparatus including a first tensile force transmitting member configured to
transmit a tensile force generated in response to a linear motion of a linear power

source; an input shaft including a first power transmitting member configured to be
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connected to the first tensile force transmitting member and rotate; an energy
transmitting shaft including a second power transmitting member configured to be
connected to the first power transmitting member and perform a rotary motion; an
energy storage unit configured to be connected to the second power transmitting
member, store an elastic energy or a potential energy in response to a unidirectional
rotation of the second power transmitting member, and rotate the energy transmitting
shaft using the stored elastic energy or the potential energy when a linear kinetic force
generated by the buoyant body dissipates or decreases; an output shaft configured to
rotate by receiving a torque alternately from the input shaft and the energy transmitting
shaft; a first input device configured to transmit a torque of the input shaft to the output

shaft; and a second input device configured to transmit a torque of the energy

transmitting shaft to the output shaft.
Advantageous Effects

According to an embodiment of the present invention, a generation efficiency
may considerably increase by receiving a power from a power source, producing
electricity by rotating an output shaft connected to a generator using a portion of the
received power, accumulating a remaining portion of the received power in an energy
storage device, and rotating the output shaft using the accumulated energy when a
power is not transmitted from a buoyant body, the power source that performs irregular
motions within a predetermined range like the buoyant body floating in the ocean, and

generates an intermittent linear power.

[n particular, a power converting apparatus according to an embodiment of the
present invention may connect a plurality of tensile force transmitting members to the
buoyant body corresponding to the power source at predetermined angles, and
efficiently transmit, to an input shaft, both a linear power occurring in a vertical
direction and a linear power occurring in a horizontal direction by waves. Thus, a
rotation power may be transmitted continuously to the output shaft to produce electricity.

Brief Description of Drawings

FIG. 1 illustrates a configuration of a power converting apparatus according to
an embodiment of the present invention.

FIG. 2 1s a perspective view illustrating the configuration of the power

converting apparatus of FIG. 1.
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F1G. 3 1llustrates a configuration of a power converting apparatus according to
another embodiment of the present invention.

FIG. 4 1s a cross-sectional view illustrating a decoupling structure of a power
converting apparatus according to another embodiment of the present invention.

FIG. 5 1s a cross-sectional view illustrating the decoupling structure of FIG. 4,

cut and viewed from another side.

Best Mode for Carrying Out the Invention

Hereinafter, preferred embodiments of a power converting apparatus according
to the present invention will be described in detail with reference to the accompanying
drawings.

Referring to FIGS. 1 and 2, a power converting apparatus according to an
embodiment of the present invention includes a first tensile force transmitting member
40 configured to be connected to a buoyant body 1 that floats and performs a motion in
the ocean and transmit a tensile force; an input shaft 10 configured to be connected to
the first tensile force transmitting member 40 and perform a rotary motion by a tensile
force transmitted by the first tensile force transmitting member 40; a first power
transmitting member 11 configured to be coupled to the input shaft 10 through a
unidirectional rotation member 14 that allows only a unidirectional rotation and rotate
along with the input shaft 10 or rotate while idling with respect to the input shaft 10; an
energy transmitting shaft 20 configured to be provided alongside the input shaft 10 and
rotate; a second power transmitting member 21 configured to be coupled to the energy
transmitting shaft 20 through a medium of a unidirectional rotation member 24 that
allows only a unidirectional rotation, rotate along with the energy transmitting shaft 20
or rotate while idling with respect to the energy transmitting shaft 20, and be connected
to the first power transmitting member 11 to receive a power from the first power
transmitting member 11; a first input member 13 configured to be coupled to the input
shaft 10 and rotate along with the input shaft 10; a second input member 23 configured
to be coupled to the energy transmitting shaft 20 and rotate along with the energy
transmitting shaft 20; an output shaft 30 configured to be provided alongside the input
shaft 10 and the energy transmitting shaft 20 therebetween and rotate; a plurality of
output members 31 configured to be coupled to the output shaft 30 through a

unidirectional rotation member 32 that allows only a unidirectional rotation, be
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connected to the first input member 13 and the second input member 23, respectively,
and recelve a torque from the first input member 13 or the second input member 23; and
an energy storage unit of which one end is connected to the energy transmitting shaft 20,
the energy storage unit configured to store an elastic energy or a potential energy in
response to a unidirectional rotation of the second power transmitting member 21, and
rotate the energy transmitting shaft 20 using the stored elastic energy or the potential
energy when a linear kinetic force generated by the buoyant body 1 dissipates or
decreases.

The buoyant body 1 may be a linear power source that floats on a surface of the
ocean or in the ocean and generates linear motions in vertical and horizontal directions
by a flux of the seawater. To transmit a linear power to the input shaft 10 irrespective
of a motion direction of the buoyant body 1, a plurality of first tensile force transmitting
members 40 may be connected to the buoyant body 1 at predetermined intervals through
direction changing members 2 such as, fixed pulleys, for example. Thus, the plurality
of first tensile force transmitting members 40 connected to the buoyant body 1 may

connect the buoyant body 1 to the input shaft 10 in different directions, for example,
vectors. In this example, the plurality of first tensile force transmitting members 40
may be disposed preferably at intervals of 90 degrees.

The first tensile force transmitting member 40 may be configured by applying a
rope, a wire, or a chain that may be mechanically flexible but not stretchable, thereby
transmitting a tensile force effectively.

The input shaft 10 may be a constituent element configured to perform a rotary
motion by receiving a linear power from the buoyant body 1. A plurality of first power
transmitting members 11 may be provided on the input shaft 10 to receive power from
the plurality of first tensile force transmitting members 40. A first drum 12 over which
the first tensile force transmitting member 40 is wound or unwound may be provided to
be fixed to each of the first power transmitting members 11. The first drum 12 may be
configured to rotate along with the first power transmitting member 11.

The first power transmitting member 11 may be coupled to the input shaft 10
through the unidirectional rotatton member 14 that allows only a unidirectional rotation.
The unidirectional rotation member 14 may be configured using a one-way clutch

bearing, a ratchet gear, and the like. In the present embodiment, the unidirectional
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rotation member 14 may allow only a clockwise rotation. Thus, when the first tensile
force transmitting member 40 is unwound from the first drum 12, the unidirectional
rotation member 14 may restrict the first power transmitting member 11 and the input
shaft 10, whereby the first power transmitting member 11 and the input shaft 10 may
rotate together.

The energy transmitting shaft 20 may be provided alongside the input shaft 10,
and receive a power from the input shaft 10 through the second power transmitting
member 21 connected to the first power transmitting member 11. A second drum 22
may be coupled to the second power transmitting member 21, whereby the second
power transmitting member 21 and the second drum 22 may rotate together. A second
tensile force transmitting member 50 configured to be connected to the energy storage
unit and transmit a tensile force may be wound or unwound over the second drum 22.

Similar to the first tensile force transmitting member 40, the second tensile
force transmitting member 50 may be configured by applying a rope, a wire, or a chain
that may be mechanically flexible but not stretchable, thereby transmitting a tensile
force effectively.

Similar to the first power transmitting member 11, the second power
transmitting member 21 may be connected to the energy transmitting shaft 20 through
the unidirectional rotation member 24 configured using a one-way clutch bearing, a
ratchet gear, and the like. In the present embodiment, the unidirectional rotation
member 24 may be configured to have a load rotation direction identical to that of the
unidirectional rotation member 14 coupled to the first power transmitting member 11.
In detail, the unidirectional rotation member 24 may allow a clockwise rotation and
allow a counterclockwise rotation. Thus, when the second power transmitting member
21 rotates by receiving a power from the first power transmitting member 11, the second
power transmitting member 21 may rotate relatively freely with respect to the energy
transmitting shaft 20?. Conversely, when the second power transmitting member 21
rotates counterclockwise by receiving energy from the energy storage unit, the
unidirectional rotation member 24 may restrict the energy transmitting shaft 20 and the
second power transmitting member 21, whereby the energy transmitting shaft 20 and
the second power transmitting member 21 may rotate together.

In the present embodiment, the first power transmitting member 11a and the
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second power transmitting member 21a may be configured using gears, however, may
also be configured using various known power transmitting mechanisms such as a
pulley and belt system, a sprocket and chain system, and a link mechanism, for example.
The first power transmitting member 11 and the second power transmitting member 21
may be configured using gears having equal numbers of gear teeth. However, a gear
ratio of the first power transmitting member 11 to the second power transmitting
member 21 may be appropriately adjusted to transmit energy efficiently.

The output shaft 30 may be provided alongside the input shaft 10 and the
energy transmitting shaft 20 therebetween, and rotate by receiving a power alternately
from the input shaft 10 and the energy transmitting shaft 20. The output shaft 30 may
be connected directly or indirectly to a generator (not shown) configured to generate
electricity.

To transmit a power from the input shaft 10 and the energy transmitting shaft 20
to the output shaft 30, the first input member 13 may be fixed to the input shaft 10 and
rotate along with the input shaft 10, and the second input member 23 may be fixed to
the energy transmitting shaft 20 and rotate along with the energy transmitting shaft 20.
Further, the plurality of output members 31, for example, two output members 31 in the
present embodiment, configured to be coupled to the first input member 13 and the
second input member 23, respectively, and receive torques, may be coupled to the
output shaft 30 through the unidirectional rotation members 32 such as, one-way clutch
bearings, respectively.

In the present embodiment, the first input member 13, the second input member
23, and the output member 31 may be configured using gears. However, the first input
member 13, the second input member 23, and the output member 31 may also be
configured using various known power transmitting systems such as a pulley and belt
system, and a sprocket and chain system, for example.

The unidirectional rotation members 32 coupled to the output shaft 30 may
have identical load rotation directions. In detail, the unidirectional rotation members

32 may be configured to prevent a clockwise rotation and allow a counterclockwise

rotation. The unidirectional rotation members 32 may also be configured to using one-
way clutch bearings, ratchet gears, and the like.

The energy storage unit may be connected to the energy transmitting shaft 20
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through a medium of the second tensile force transmitting member 50 connected to the
second drum 22, and configured to store energy and supply the stored energy. In the
present embodiment, the energy storage unit may be configured using a spring 51
configured to be connected to the second tensile force transmitting member 50 and
accumulate an elastic energy in response to the second tensile force transmitting
member 50 being wound over the second drum 22. A coil spring, a flat spring, a spiral
spring, and the like may be applicable as the spring 51. In the present embodiment, a
coil spring is utilized. The spring 51 may accumulate an elastic force while stretching
In response to the second tensile force transmitting member 50 being wound over the
second drum 22, and transmit the energy by pulling the second tensile force transmitting
member 50 and rotating the second drum 22 while shrinking.

The power converting apparatus configured as described above may operate as
follows.

When the buoyant body 1 moves in a predetermined direction, for example, a
vertical direction or a horizontal direction, by waves, a tensile force of a rope or wire
corresponding to the first tensile force transmitting member 40 may increase, and the
first tensile force transmitting member 40 may be unwound from the first drum 12,
which may cause a rotary motion, for example, a counterclockwise rotary motion, of the
first drum 12. Thus, the first power transmitting member 11, for example, a gear in the
present embodiment, provided as an integral body with the first drum 12 may rotate
counterclockwise at an angular velocity equal to that of the first drum 12.

The unidirectional rotation member 14 disposed between the first power
transmitting member 11 and the input shaft 10 may restrict a counterclockwise motion
and thus, the first power transmitting member 11 and the input shaft 10 may rotate
together. A portion of a torque of the first power transmitting member 11 may be used
to rotate the input shaft 10, and a remaining portion of the torque may be used to
relatively rotate the second power transmitting member 21 connected to the first power
transmitting member 11, and the second drum 22 with respect to the energy transmitting
shaft 20 so that the second tensile force transmitting member 50 may be wound over the
second drum 22, whereby the spring 51 of the energy storage unit may stretch to store

an elastic energy.

A torque of the input shaft 10 may be transmitted to the output shaft 30 through
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the tirst input member 13 and the output member 31 connected to the first input member
13, whereby the output shaft 30 may rotate in one direction, for example, clockwise in
the present embodiment.

When the buoyant body 1 configured to generate a linear power is unable to
perform a linear motion or when a tensile force of the first tensile force transmitting
member 40 decreases, the elastic energy stored in the spring 51 of the energy storage
unit may be converted into a tensile force of the second tensile force transmitting
member 50 and thus, the second drum 22 and the second power transmitting member 21
provided as an integral body with the second drum 22 may perform counterclockwise
rotary motions. The energy received from the spring 51 may be used as a rotation
power of the energy transmitting shaft 20 connected through the unidirectional rotation
member 24.

A counterclockwise torque of the energy transmitting shaft 20 may be
transmitted to the output shaft 30 through the second input member 23 and the output
member 31 connected to the second input member 23, and used to rotate the output
shaft 30.

When the elastic energy is transmitted from the spring 51 to the second power
transmitting member 21 and the second power transmitting member 21 rotates
counterclockwise, the first power transmitting member 11 may rotate clockwise. Since
the unidirectional rotation member 14 connected to an inner side of the first power
transmitting member 11 allows a clockwise rotation, a torque of the second power
transmitting member 21 may not be transmitted to the input shaft 10, and the first power
transmitting member 11 and the first drum 12 may wind the first tensile force
transmitting member 40 while idling with respect to the input shaft 10.

As described above, when a tensile force is applied to one of the plurality of
first tensile force transmitting members 40 by a motion of the buoyant body 1, and the
first drum 12 and the first power transmitting member O rotate, a portion of a power

transmitted by the first tensile force transmitting member 40 may be converted to a
torque of the input shaft 10, and a remaining portion of the power may be transmitted to
the energy storage unit through the second power transmitting member 21 and the

second tensile force transmitting member 50 and accumulated as an elastic energy.

When a power transmitted from the buoyant body 1 is absent or remarkably
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decreases, the elastic energy accumulated in the energy storage unit may be transmitted
to the output shaft 30 through the energy transmitting shaft 20, whereby the output shaft
30 may rotate.

Thus, the output shaft 30 may continuously perform rotary motions while
receiving a power alternately from the input shaft 10 and the energy transmitting shaft
20, whereby a generation efficiency may significantly increase.

[n the present embodiment, the plurality of first tensile force transmitting
members 40 may be connected to the buoyant body 1, and the plurality of first power
transmitting members 11 and the plurality of first drums 12 separately connected to the
first tensile force transmitting members 40, respectively, may be provided on the input
shaft 10. The plurality of second power transmitting members 21 connected to the
plurality of first power transmitting members 11 may be provided on the energy
transmitting shaft 20, the second drums 22 may be fixed to the second power
transmitting members 21, respectively, and the plurality of second drums 22 may be
contigured to be connected to the plurality of energy storage members 51 through the
plurality of second tensile force transmitting members 50. Conversely, a single first
tensile force transmitting member 40, a single first power transmitting member 11, a
single first drum 12, a single second power transmitting member 21, and a single second
drum 22 may be configured.

Although the energy storage unit corresponding to the spring 51 configured to
store an elastic energy 1s provided as an example in the foregoing embodiment, the
energy storage unit may be configured using a weight configured to be connected to the
second tensile force transmitting member 50 and store a potential energy.

In detail, as shown in FIG. 3, the energy storage unit may be configured using a
weight 52 that 1s connected to the second tensile force transmitting member 50 and
accumulates a potential energy while moving upward in response to the second tensile
force transmitting member 50 being wound over the second drum 22.

When a power transmitted from the buoyant body 1 is absent or remarkably
decreases, the weight 52 may fall downward, thereby rotating the second drum 22,
rotating the energy transmitting shaft 20, and rotating the output shaft 30.

When an excessive load is applied to the first tensile force transmitting member

40 connected to the buoyant body 1, the first drum 12, the first power transmitting
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member 11, the input shaft 10, and the like by a sudden motion of the buoyant body 1,
the foregoing constituent elements or the entire system of a power transmitting
apparatus may be damaged. '

Accordingly, as shown in FIGS. 4 and 5, a decoupler 60 may be configured
between the first power transmitting member 11 and the first drum 12 receiving a linear
power trom the buoyant body 1. When an excessive load is transmitted from the first
tensile force transmitting member 40, the decoupler 60 may block a power transmission
from the first drum 12 to the first power transmitting member 11, whereby the entire
configuration of the power transmitting apparatus may be protected.

The decoupler 60 shown in FIGS. 4 and 5 includes a housing 61 configured to
be fixed to the first power transmitting member 11 and in which a receiving space 61a is
provided, a coupling disk 62 configured to be fixed to one side surface of the first drum
12, inserted into an internal portion of the housing 61, and in which a fixing groove 63
1S provided to be concave on an outer circumferential surface thereof, a ball 64 provided
in the internal portion of the housing 61, and configured to be inserted into the fixing
groove 63, and a spring 51 provided in the internal portion of the housing 61, and
configured to elastically pressurize the ball 64 toward the coupling disk 62.

Thus, the ball 64 may be typically elastically inserted into the fixing groove 63
of the coupling disk 62, a coupling state between the coupling disk 62 and the housing
61 may be maintained, and the first drum 12 may be fixed to the first power transmitting

member 11.  When an excessive tensile force greater than or equal to a set value is

transmitted through the first tensile force transmitting member 40 by a sudden motion of
the buoyant body 1, the ball 64 may be separated from the fixing groove 63 of the
coupling disk 62, the coupling state between the coupling disk 62 and the housing 61
may be cancelled, and the coupling disk 62 may idle on an inner side of the housing 61,
whereby the power transmission may be blocked.

By the configuration of the decoupler 60 as described above, damage to
constituent elements to be caused by an excessive load may be prevented, and a stable
power transmitting system may be implemented.

In the foregoing embodiment, the first power transmitting member 11 may be
coupled to the input shaft 10 through the unidirectional rotation member 14 that allows

only a unidirectional rotation. Conversely, the first power transmitting member 11
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may be coupled to the input shaft 10 by a known decoupler that prevents a power
transmission trom the first power transmitting member 11 to the input shaft 10 when a
tensile force greater than or equal to a set value is applied from the first tensile force
transmitting member 40, in turn preventing damage to constituent elements to be caused
by an excessive load.

Further, in the foregoing embodiment, a single input shaft 10, a single energy
transmitting shaft 20, and a single output shaft 30 are configured, and the output shaft
30 may receive power from the single input shaft 10 and the single energy transmitting
shaft 20. Conversely, a plurality of input shafts 10 and a plurality of energy
transmitting shafts 20 may be configured, a single output shaft 30 may be configured,
and the single output shaft 30 may receive power from the plurality of input shafts 10
and the plurality of energy transmitting shafts 20 and rotate, thereby performing a wave
power generation. In this example, when rotation power is received from the input
shafts 10 and the energy transmitting shafts 20 in different periods, the output shaft 30
may have a uniform rotation velocity. Thus, in a wave power generation system that
produces electricity by waves with long occurrence periods, a number of rotations of a
generator connected to the output shaft 30 may be maintained to be uniform, and stable
generation of electricity may be achieved.

Although a few embodiments of the present invention have been shown and
described, the present invention is not limited to the described embodiments. Instead,
it would be appreciated by those skilled in the art that changes may be made to these
embodiments without departing from the principles and spirit of the invention, the scope
of which is defined by the claims and their equivalents.

Industrial Applicability

The present application may be applicable to an apparatus that may generate a
rotation power from a linear power source that generates a linear power, for example, a

wave power generation apparatus.
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CLAIMS

1. A power converting apparatus comprising:

a first tensile force transmitting member 40 configured to transmit a tensile
force generated in response to a linear motion of a linear power source;

an input shaft 10 comprising a first power transmitting member 11 configured
to be connected to the first tensile force transmitting member 40 and rotate;

an energy transmitting shaft 20 comprising a second power transmitting
member 21 configured to be connected to the first power transmitting member 11 and
perform a rotary motion;

an energy storage unit configured to be connected to the second power
transmitting member 21, store an elastic energy or a potential energy in response to a
untdirectional rotation of the second power transmitting member 21, and rotate the
energy transmitting shaft 20 using the stored elastic energy or the potential energy when
a linear kinetic force generated by the linear power source dissipates or decreases;

an output shaft 30 configured to rotate by receiving a torque alternately from

the input shaft 10 and the energy transmitting shaft 20;
a first input device configured to transmit a torque of the input shaft 10 to the
output shaft 30; and

a second input device configured to transmit a torque of the energy transmitting

shaft 20 to the output shaft 30.

2. The power converting apparatus of claim 1, wherein the first power
transmitting member 11 is coupled to the input shaft 10 through a unidirectional rotation
member 14 configured to allow only a unidirectional rotation, and the second power
transmitting member 21 is coupled to the energy transmitting shaft 20 through a

unidirectional rotation member 24 configured to allow the same unidirectional rotation

as the unidirectional rotation member 14.

3. The power converting apparatus of claim 2, wherein a first drum 12 over which
the first tensile force transmitting member 40 is wound or unwound is provided on the
input shaft 10 and fixed to the first power transmitting member 11 to rotate along with

the first power transmitting member 11, a second drum 22 is provided on the energy
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transmitting shaft 20 and fixed to the second power transmitting member 21 to rotate
along with the second power transmitting member 21, and a second tensile force

transmitting member 50 configured to be connected to the energy storage unit and

transmit a tenstle force 1s wound or unwound over the second drum 22.

4. The power converting apparatus of claim 1, wherein a plurality of first power
transmitting members 11 are provided on the input shaft 10, and a plurality of first
tensile force transmitting members 40 connected to the plurality of first power

transmitting members 11 are connected to the linear power source to be spaced apart

from each other through direction changing members 2.

5. The power converting apparatus of claim 3, wherein the energy storage unit
comprises a spring configured to be connected to the second tensile force transmitting
member 50 and accumulate an elastic energy in response to the second tensile force

transmitting member 50 being wound over the second drum 22.

6. The power converting apparatus of claim 3, wherein the energy storage unit
comprises a weight configured to be connected to the second tensile force transmitting
member 50 and accumulate a potential energy while moving upward in response to the

second tensile force transmitting member 50 being wound over the second drum 22.

7. The power converting apparatus of claim 1, wherein the first input device
comprises a first input member 13 configured to be coupled to the input shaft 10 and
rotate along with the input shaft 10, and a first output member 31 configured to be
coupled to the output shaft 30 through a unidirectional rotation member 32 that allows
only a unidirectional rotation, and connected to the first input member 13 to receive a
torque, and

the second input device comprises a second input member 23 configured to be
coupled to the energy transmitting shaft 20 and rotate along with the energy transmitting
shaft 20, and a second output member 31 configured to be coupled to the output shaft 30
through a unidirectional rotation member 32 that allows only a unidirectional rotation,

and connected to the second input member 23 to receive a torque.
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8. The power converting apparatus of claim 3, wherein a decoupler 60 is provided
between the first power transmitting member 11 and the first drum 12 to decouple the
first power transmitting member 11 from the first drum 12 when a tensile force greater

than or equal to a set value is applied from the first tensile force transmitting member 40.

9. The power converting apparatus of claim 8, wherein the decoupler 60
comprises a housing 61 configured to be fixed to the first power transmitting member
11 and in which a receiving space 61a is provided, a coupling disk 62 configured to be
fixed to one side surface of the first drum 12, inserted into an internal portion of the
housing 61, and in which a fixing groove 63 is provided to be concave on an outer
circumferential surface thereof, a ball 64 provided in the internal portion of the housing
61, and configured to be inserted into the fixing groove 63, and a spring 51 provided in
the internal portion of the housing 61, and configured to elastically pressurize the ball

64 toward the coupling disk 62.

10. The power converting apparatus of claim 1, wherein the first power
transmitting member 11 is coupled to the input shaft 10 by a decoupler configured to be
decoupled from the input shaft 10 and prevent a power transmission from the first
power transmitting member 11 to the input shaft 10 when a tensile force greater than or

equal to a set value 1s applied from the first tensile force transmitting member 40.

11. The power converting apparatus of claim 1, wherein the output shaft 30 is
configured to receive power from a plurality of input shafts comprising the input shaft
10 and a plurality of energy transmitting shafts comprising the energy transmitting shaft

20).
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FIG 3
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