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(57) ABSTRACT

A mooring system for a vessel includes an attachment unit
configured to be detachably attached to a hull of the vessel; a
robot arm including a plurality of arms, the arms being
coupled to each other to turn in a vertical direction, the robot,
arm extending by an arm actuator provided thereto to transfer
the attachment unit to an attachment position of the hull; a
rotation unit connected to the robot arm and allowing the
robot arm to turn in a horizontal direction; and a mooring
winch for winding a mooring cable to draw the attachment
unit. A floating body or a quay wall may include the mooring
system.

14 Claims, 9 Drawing Sheets
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1
MOORING SYSTEM FOR A VESSEL

FIELD OF THE INVENTION

The present invention relates to a mooring system for a
vessel.

BACKGROUND OF THE INVENTION

Recently, in order to improve the efficiency of marine
transportation using containers, large vessels have been used
in order to improve the cost effectiveness by increasing the
cargo amount. In this connection, there is demand for the
development of a new system which is capable of loading and
unloading cargo on the sea remote from the land, without
berthing such large vessels at a quay wall of a harbor which is
provided on the land. Thus, research into a mobile harbor
allowing a large ship to anchor in the sea away from the land
and to handle cargos, rather than making a large ship to come
alongside the pier in the harbor, has been under way.

FIGS. 1A and 1B are schematic diagrams illustrating the
mobile harbor in accordance with the related research. The
mobile harbor 100 which is a floating body may perform a
loading and unloading operation by using a crane 20. FIG. 1A
illustrates a loading and unloading operation between the
mobile harbor 10 and a large container carrier 30, and F1IG. 1B
illustrates a loading and unloading operation between the
mobile harbor 10 and a quay wall 40.

When a mobile harbor is used to load and unload cargos
while a large container carrier is anchored in the sea remote
from the land, containers loaded and/or to be loaded on the
large container carrier need to be distributed to several small,
mobile harbors and transported between the large container
carrier and a harbor provided on the land. In this case, the
number of berthing operations of the mobile harbors inevita-
bly increases.

In general, a vessel includes a windlass for winding an
anchor cable or a mooring winch for winding a mooring rope,
in order to moor the vessel in a harbor, and the harbor includes
a mooring facility for fixing the mooring rope of the vessel.
The conventional vessel or harbor is operated by a manual
system depending on human power. Such a manual system
has a problem in safety accidents and operation efficiency.

Therefore, there is a need for the development of a new
system for quickly and stably mooring or docking a vessel
such as a mobile harbor or container carrier.

SUMMARY OF THE INVENTION

The present invention provides a mooring system for a
vessel capable of minimizing the time and effort required for
a mooring operation on vessels, and maintaining a stable
mooring state such that cargos can be smoothly loaded and
unloaded.

In accordance with an aspect of the present invention, there
is provided a mooring system for a vessel, including: an
attachment unit configured to be detachably attached to a hull
of the vessel; a robot arm including a plurality of arms, the
arms being coupled to each other to turn in a vertical direc-
tion, the robot arm extending by an arm actuator provided
thereto to transfer the attachment unit to an attachment posi-
tion the hull; a rotation unit connected to the robot arm and
allowing the robot arm to turn in a horizontal direction; and a
mooring winch for winding a mooring cable to draw the
attachment unit.
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In accordance with another aspect of the present invention,
there is provided a floating body including the mooring sys-
tem.

In accordance with still another aspect of the present inven-
tion, there is provided a quay wall including the mooring
system

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and features of the present invention will
become apparent from the following description of embodi-
ments given in conjunction with the accompanying drawings,
in which:

FIG. 1A is a schematic diagram illustrating a loading and
unloading operation of a mobile harbor on the sea;

FIG. 1B is a schematic diagram illustrating a loading and
unloading operation of the mobile harbor on the land;

FIG. 2A is a schematic view of a mooring system for a
vessel in accordance with an embodiment of the present
invention, while the mooring system is mooring a vessel;

FIG. 2B is a schematic view of the mooring system for a
vessel in accordance with the embodiment of the present
invention, while a floating body including the mooring sys-
tem sails;

FIG. 3A is a conceptual diagram illustrating a multi-stage
hydraulic cylinder and hydraulic circuits in accordance with
the embodiment of the present invention;

FIG. 3B is a cross-sectional view of the multi-stage
hydraulic cylinder in accordance with the embodiment of the
present invention;

FIG. 4 is a schematic view of an attachment unit in accor-
dance with the embodiment of the present invention;

FIG. 5 is a schematic view of a rotation unit in accordance
with the embodiment of the present invention;

FIG. 6A is a front view conceptual diagrams illustrating a
state in which a mobile harbor having the mooring system
mounted thereon is berthing at a container carrier;

FIG. 6B is a plan view of the conceptual diagrams of FIG.
6A; and

FIG. 7 is a conceptual diagram illustrating a state in which
a mobile harbor is berthing at a quay wall in which the
mooring system in accordance with the embodiment of the
present invention is disposed.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings. Same reference numeral is given to the same or corre-
sponding element, and a duplicated explanation thereon will
be omitted.

FIGS. 2A and 2B are schematic views of a mooring system
for a vessel in accordance with an embodiment of the present
invention. FIG. 2A is a side view of the mooring system while
the mooring system is mooring a vessel, and FIG. 2B is a
perspective view of the mooring system while a floating body
(or a floating structure) including the mooring system sails.

The mooring system 200 includes an attachment unit 210,
arobotarm 220, arotation unit 230, a mooring winch 240, and
a robot arm winch 250.

The robot arm 220 includes a plurality of arms which are
coupled with hinges to turn in a vertical direction. The robot
arm 220 may be extended through extension of an arm actua-
tor to transfer the attachment unit 210 to an attachment posi-
tion of a hull.
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Specifically, the robot arm 220 may include a first arm 223
having an end coupled to the rotation unit 230 provided on an
installation surface and a second arm 224 having an end
coupled to the other end of the first arm 223 with a hinge 225.
The first arm 223 is coupled to the rotation unit 230 with a
hinge 226 to turn in the vertical direction.

The arm actuator may have a hydraulic cylinder 300. The
cylinder 300 is connected between the first and second arms
223 and 224 and extends to transfer the attachment unit 210.
The hydraulic cylinder 300 and the second arm 224 are con-
nected through a spring 224c¢ to absorb an impact applied to
the second arm 224.

The robot arm 220 has a protrusion portion 2244 which
protrudes to be positioned behind the connection member 212
of'the attachment unit 210, and the connection member 212 is
connected to the protrusion portion 2244 through a spring
212c¢ to absorb an impact applied to the attachment unit 210.

The robot arm 220 of the mooring system is not limited to
the 2-arm link structure illustrated in FIGS. 2A and 2B, but
may be constructed to have a variety of link structures. For
example, the robot arm 220 may include one or more addi-
tional arms, or may have a 4-arm link structure in which a pair
of 2-arm links is formed between the rotation unit 230 to the
attachment unit 210.

FIG. 3A is a conceptual diagram illustrating a multi-stage
hydraulic cylinder and hydraulic circuits in accordance with
the embodiment of the present invention, and FIG. 3B is a
cross-sectional view of the multi-stage hydraulic cylinder.

The hydraulic cylinder 300 in accordance with the embodi-
ment of the present invention may include a multi-stage
hydraulic cylinder which independently controls the stroke of
two or more piston to perform extension and contraction for
positioning of the attachment unit 210 and absorption of an
impact applied to the attachment unit 210. One piston rod
may freely move to provide room for the vessel which rolls or
pitches on the sea, and absorb an impact applied by a vessel,
in a state that the hydraulic cylinder 300 is in neutral. On the
other hand, another piston rod may stop in a state that the
multi-stage hydraulic cylinder 300 is in neutral.

The multi-stage hydraulic cylinder 300 includes a cylinder
housing 310 having a space formed therein and an opened
upper surface and the first and the second-stage piston rod 320
and 330. The first-stage piston rod 320 is inserted into an
upper surface (right side in FIG. 3A) of the cylinder housing
310, divides an internal space of the cylinder housing 310 to
form a first and a second chamber 321 and 322 to thereby
have, and has a space formed therein and an opened upper
surface. The second-stage piston rod 330 is inserted into the
upper surface of the first-stage piston rod 320 and divides an
internal space of the first-stage piston rod 320 to form a third
and a fourth chamber 331 and 332.

The first to fourth chambers 321, 322, 331, and 332 may
include first to fourth openings 321a, 3224, 331a, and 332a,
respectively, which are sealed and with which a fluid com-
municates to apply an oil pressure. The first-stage and sec-
ond-stage piston rods 320 and 330 have respective hollow
holes 323 and 333 formed therein, and a fluid may commu-
nicate with the third and fourth chambers 331 and 332
through flow paths formed in the respective hollow holes. The
cylinder housing 310 has an opened lower surface (left side in
FIG. 3A), and a fluid may communicate with the third and
fourth openings 331a and 332a through the lower surface of
the cylinder housing 310.

An oil pressure applied to the pair of the first and second
chambers 321 and 322 and an oil pressure applied to the pair
of the third and fourth chambers 331 and 332 may be con-
trolled by a first-stage hydraulic circuit 340 and a second-
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stage hydraulic circuit 350, respectively, which are indepen-
dently provided. When an oil pressure is applied to the first or
the second chamber 321 or 322, the first-stage piston rod 320
is moved vertically (in the horizontal direction in FIG. 3A),
and the length of the hydraulic cylinder 300 is extended or
contracted. When an oil pressure is applied to the third or the
fourth chamber 331 or 332, the second-stage pistonrod 330 is
moved vertically, and the length of the hydraulic cylinder 300
is extended or contracted. The first-stage hydraulic circuit
340 and the second-stage hydraulic circuit 350 may include
check valves 341, 342, 351, and 352 through which a fluid
communicates with the first to fourth openings 321qa, 3224,
331a, and 332a, respectively, to apply an oil pressure.

Chambers in any one pair of the pair of the first and second
chambers 321 and 322 and the pair of the third and fourth
chambers 331 and 332 may communicate with each other
when the hydraulic cylinder 300 is in neutral state. On the
other hand, the other pair of chambers may be disconnected
from an external hydraulic circuit when the hydraulic cylin-
der 300 is in neutral state. In this embodiment, the pair of the
first and second chambers 321 and 322 may communicate
with each other such that the first-stage piston rod 320 freely
moves in case of neutral state. The pair of the third and fourth
chambers 331 and 332 may be disconnected from an external
hydraulic circuit to stop the second-stage piston rod 330 in
case of neutral state.

The first-stage hydraulic circuit 340 can make the first-
stage piston rod 320 freely move. For this operation, the
first-stage hydraulic circuit 340 may include an ABT-con-
nected four-direction control valve 344. The second-stage
hydraulic circuit 350 can stop the second-stage piston rod
330. For this operation, the second-stage hydraulic circuit
350 may include a closed-center four-direction control valve
354.

In this embodiment, the two-stage cylinder has been
described, but may be extended to three stages or more. In the
multi-stage cylinder in accordance with the embodiment of
the present invention, two or more piston rods may be inde-
pendently controlled to perform the extension of the cylinder
length and the impact absorption at the same time. Therefore,
the multi-stage cylinder 300 may have two or more functions
through a simple construction.

FIG. 4 is a schematic view of the attachment unit 210 in
accordance with the embodiment of the present invention.

The attachment unit 210 is detachably attached to a hull of
a vessel to be berthed, such as a container carrier. The attach-
ment unit 210 may include a plurality of suction pads 211 for
generating an attachment force by which the attachment unit
210 is attached to the hull. Each ofthe suction pads 211 may
be attached to the hull by vacuum supplied through a vacuum
supply line from a vacuum supply unit (not illustrated). For
this operation, the suction pad 211 may include a plurality of
vacuum holes to which vacuum is supplied. Alternatively, the
suction pad 211 may include an electromagnet which is
attached to the hull by a magnetic force caused by power
supply.

The attachment unit 210 may include a connection member
212 for connecting the suction pad 211 to an end of the robot
arm 220. The robot arm 220 and the connection member 212
may be coupled by a ball joint 2124 so as to rotate about each
other.

The suction pads 211 may be coupled to auxiliary connec-
tion members 213 by hinges 2134, respectively. In this case,
the suction pads 211 may be arranged in line or in a two-
dimensional manner with respect to the connection member
212. Each of the auxiliary connection members 213 has an
end coupled to the connection member 212 by the ball joint
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213a. The suction pads 211 may be moved with a multi degree
of freedom by the ball joints 212a¢ and 213a and the hinges
213b. Therefore, the suction pads 211 may change the posture
in correspondence to various shapes of hulls. Alternatively,
the ball joints and hinges 212a, 213a and 2135 may be sub-
stituted with joints of different type.

FIG. 5 is a schematic view of the rotation unit 230 in
accordance with the embodiment of the present invention.

The rotation unit 230 is connected to the robot arm 220 to
rotate the robot arm 220 in a horizontal direction (e.g., in aleft
and right direction) within a predetermined angle range based
on the axis perpendicular to the installation surface. When the
floating body having the mooring system 200 installed
therein moves in the longitudinal, direction thereof, a rota-
tional force is applied.

The rotation unit 230 includes a rotation member 234, a
rotation adjustment part 232, a fixed shaft 231, and a restora-
tion part 233. The rotation member 234 is connected to the
robot arm 220 to rotate in the horizontal direction together
with the robot arm 220. The rotation adjustment part 232
allows the rotation member 234 to rotate from an initial
position, when a predetermined load or a load more than that
is applied. The fixed shaft 231 includes stopper for limiting
the rotation member 234 within a predetermined angle range,
forexample, 15 degrees and is fixed to the installation surface.
The restoration part 233 restores the rotated rotation member
234 to the initial position.

The rotation adjustment part 232 includes a case 232a
coupled to be fixed to the rotation member 234, and the case
232a is rotated together with the rotation member 234. The
rotation of the case 2324 is limited by the stopper 231a. A ball
232¢ is provided inside the case 232a, and has portion
inserted into a hole 231¢ formed in the fixed shaft 231. When
a rotational force of a predetermined load or more is applied,
the ball 232¢ may be moved out of the hall 231¢. A spring
232b applies a compressive force to the ball 232¢ such that the
compressive force is directed toward the hole 231¢. When a
load less than the predetermined load is applied, the spring
232b stops the ball 232¢.

The restoration part 233 includes a spring 2334 having both
ends coupled to the rotation adjustment part 232 and the fixed
shaft 231, respectively. When the rotation member 234 is
rotated, the spring 2334 is lengthened to restore the rotation
member 234.

Referring to FIGS. 2A and 2B, the mooring winch 240
winds the mooring cable 245 to draw the hull attached to the
attachment unit 210 toward the installation surface. The
mooring winch 240 serves to suppress the vessel from mov-
ing away from the mooring system 200 when the attachment
unit 210 is attached to the hull. Although not illustrated, the
mooring winch 240 includes a variety of sensors and actua-
tors which control a mooring force to be automatically and
constantly maintained. The mooring operation may be stably
and automatically performed in correspondence to a drift,
winds, waves, tides, and the like.

When the attachment unit 210 is attached to the hull, the
driving power of the robot arm 220 may be turned off. Then,
the mooring winch 240 may cover all or most of the load
generated by the mooring of the vessel such that the load, is
notapplied to the robot arm 220. The mooring winch 240 may
free the robot arm 220 from the load. The hydraulic cylinder
300 may be freely extended and contracted when the mooring
winch serves to suppress the vessel. Therefore the physical
fatigue of the robot arm 220 may be prevented, and the struc-
ture may be simplified.

The mooring cable 245 has an end connected to the attach-
ment unit 210 to draw the attachment unit 210. For example,
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the mooring cable 245 may be directly connected so the
connection member 212 or connected through a separate
member. Alternatively, the mooring cable 245 may be con-
nected to an end of the robot arm 220.

The robot arm winch 250 may wind the robot arm cable
255 to draw the robot arm 220. Similar to the mooring winch
240, the robot arm winch 250 may cover a load generated
when the attachment unit 210 is attached to the hull, thereby
preventing the physical fatigue of the structure.

Meanwhile, although not illustrated, the mooring system
200 in accordance with the embodiment of the present inven-
tion may include a variety of actuators for driving the winch,
the hinges, the ball joints, and the cylinder.

In the mooring system 200, a position and posture of the
attachment unit 210 may be adjusted in correspondence to a
size or a shape of a vessel to be berthed, thereby making it
possible to berth the vessel efficiently. Furthermore, the dock-
ing impact is absorbed by the multi-stage cylinder 300 and the
elasticity of the springs 224c¢ and 212¢, and the distance
between vessels is constantly maintained to stably berth or
anchor the vessels. Furthermore, the mooring system 200
may minimize the use of human power such that the mooring
operation automatically performed, thereby reducing the
danger of safety accident and increasing the efficiency.

FIGS. 6A and 6B are conceptual diagrams illustrating a
state in which a mobile harbor having the mooring system
mounted thereon is berthing at a container carrier. FIG. 6A is
a front view, and FIG. 6B is a plan view.

A plurality of the mooring systems 200 may be disposed on
a side surface of a floating body such as a mobile harbor. The
mobile harbor 100 may include a vessel which may move by
using its own power or a floating body moored on the sea. The
mobile harbor 100 may transfer containers between the con-
tainer carrier 150 and a harbor on the land, and temporarily
load containers in place of the harbor on the land, while
floating on the sea.

The mobile harbor 100 may include a platform having a
space in which a container is loaded, a loading device (e.g. a
crane) for handling a container, a location determining device
for acquiring information regarding the location of the plat-
form, and a balancing device for adjusting the platform such
that the platform can be maintained in a vertical location
correspondingly to a change in she weight based on the load-
ing and unloading of the container.

The mobile harbor 100 in accordance with the embodiment
of the present invention may further include a fender 110
installed between the mobile harbor 100 and the hull of a
vessel, such as the container carrier 150. Therefore, when the
mooring cable 245 is wound, the fender 110 prevents the hull
from colliding with the mobile harbor 100, and simulta-
neously pushes the hull to maintain the tension of the mooring
cable 245. Therefore, even when the sea condition is not
stable, for example, even when the waves are high, the moor-
ing operation for the vessel can be performed stably.

The fender 110 may be installed on the mobile harbor 100,
the hull of the container carrier 150, or another structure. The
fender 110 may have a variety of installation structures. For
example, the fender 110 may be installed to float on the
surface of the sea or fixed to be positioned at a predetermined
level. The fender 110 may be formed of a structure capable of
enduring a strong external force and frictional force, while
absorbing an impact.

FIG. 7 is a conceptual diagram illustrating a state in which
a mobile harbor is berthing at a quay wall in which the
mooring system in accordance with the embodiment of the
present invention is disposed.
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The mooring system 200 may be disposed at a quay wall
140 or a quay on the land and used when a vessel is berthed or
moored at the quay wall on the land. The mooring system 200
may moor the mobile harbor 100 at a proper position while
moving along a rail 145 formed on the quay wall 140. In
addition, another vessel such as a container carrier or a float-
ing body may be moored at the quay wall 140 where the
mooring system in accordance with the embodiment of the
present invention is installed.

Hereinafter, referring to FIGS. 6A and 6B, a mooring
method in a case in which the mooring system in accordance
with the embodiment of the present invention is installed in a
mobile harbor will be described.

The mooring method may include a step of transferring the
attachment unit 210 to the hull by using the robot arm 220, a
step of attaching the attachment unit 210 to the hull, a step of
putting the hydraulic cylinder 300 of the robot arm 220 into
neutral, and a step of winding the mooring cable 245.

Atthe step of transferring the attachment 210 to the hull by
using the robot arm 200, the mobile harbor 100 is approxi-
mated to the container carrier 150 to be berthed, and an
optimal attachment position is selected. The attachment unit
210 may be transferred to the position, by the movement of
the robot arm 220 and the posture change of the attachment
unit 210. Atthis time, the movement of the robot arm 220 may
be performed by the extension of the hydraulic cylinder 300
and the suction pads 211 are rotated by the ball joints 212«
and 2134 and hinges 2134.

Atthe step of attaching the attachment unit 210 to the hull,
the attachment unit 210 may be attached to the hull by the
supply of vacuum or a magnetic force.

Atthe step of winding the mooring cable 215, the mooring
cable 245 is wound by the mooring winch 240 to draw the
attachment unit 210, in order to cover a load caused by dock-
ing or mooring the vessel. At this time, the hydraulic cylinder
300 of the robot arm 220 is put into neutral. And further the
power (or actuators) of the hinges 2135 or the ball joints 212a
and 213a may be turned off, in order to free the robot arm 220
from the load.

Before the mooring cable 245 is wound, the fender 110
may be installed between the mobile harbor 100 having the
robot arm 220 installed thereon and the hull of the container
carrier 150.

In accordance with the embodiment of the present inven-
tion, the mooring system may minimize the time and effort
required for a mooring operation, and may maintain a stable
mooring state therebetween such that cargo is smoothly
loaded and unloaded.

The mobile harbor in accordance with the embodiment of
the present invention performs a loading and unloading
operation for a large container carrier on the sea. Therefore,
the cargo transportation of a large container carrier, which
needs to be performed in deep water, may be efficiently pro-
cessed, whereby it will contribute to strengthening the harbor
system competitiveness.

While the invention has been shown and described with
respectto the preferred embodiments, it will be understood by
those skilled in the art that various changes and modifications
may be made without departing from the scope of the inven-
tion as defined in the following claims.

What is claimed is:

1. A mooring system for a vessel, comprising:

an attachment unit configured to be detachably attached to
a hull of the vessel,;

a robot arm including a plurality of arms, the arms being
coupled to each other to turn in a vertical direction, the
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robot arm extending by an arm actuator provided thereto
to transfer the attachment unit to an attachment position
of the hull;

a rotation unit connected to the robot arm and allowing the

robot arm to turn in a horizontal direction; and

a mooring winch for winding a mooring cable to draw the

attachment unit,

wherein the attachment unit includes a plurality of suction

pads configured to generate a suction force by which the
attachment unit is attached to the hull, and
wherein the rotation unit includes:
a rotation member connected to the robot arm to rotate in
the horizontal direction together with the robot arm, and
a rotation thereof being limited within an angle range;

a rotation adjustment part allowing the rotation member to
rotate from an initial position when a predetermined
load or greater is a applied thereto; and

a restoration part for restoring the rotation member rotated

by the rotation member to the initial position.

2. The mooring system of claim 1, wherein the robot arm
includes a first arm coupled to the rotation unit and a second
arm coupled to the first arm and the attachment unit; and

the arm actuator has a hydraulic cylinder connected to the

first arm and the second arm and serving to absorb an
impact applied to the second arm.

3. The mooring system of claim 2, wherein the hydraulic
cylinder is connected to the second arm through a spring to
absorb the impact applied to the second arm.

4. The mooring system of claim 2, wherein the second arm
has a protrusion portion disposed behind the attachment unit;
and

the attachment unit is connected to the protrusion portion

through a spring to absorb an impact applied to the
attachment unit.

5. The mooring system of claim 1, wherein the attachment
unitincludes a connection member for connecting the suction
pads to the robot arm; and

the robot arm and the connection member are coupled to

each other by a ball joint.

6. The mooring system of claim 5, wherein the suction pads
are arranged in a two-dimensional manner; and

each ofthe suction pads is coupled to the connection mem-

ber through a ball joint.

7. The mooring system of claim 1, wherein the rotation
adjustment part has:

a case which is rotated together with the rotation member;

a ball provided in the case and having a portion inserted

into a fixed hole, the ball being moved out of the hole
when the predetermined load or greater is applied; and

a spring provided in the case and applying a compressive

force to the ball toward the hole.

8. The mooring system of claim 1, wherein the mooring
winch serves to suppress the vessel from moving away from
the mooring system when the attachment unit is attached to
the hull.

9. The mooring system of claim 1, further comprising a
robot arm winch for winding a robot arm cable to draw the
robot arm.

10. The mooring system of claim 1, wherein the robot arm
includes a first arm coupled to the rotation unit and a second
arm coupled to the first arm and the attachment unit;

the arm actuator has a hydraulic cylinder connected to the

first arm and the second arm and serving to absorb an
impact applied to the second arm,

the attachment unit includes a plurality of suction pads for

generating an suction force by which the attachment unit
is attached to the hull;
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the mooring winch serves to suppress the vessel from
moving away from the mooring system when the
attachment unit is attached to the hull.
11. A floating body comprising the mooring system of
claim 1. 5
12. The floating body of claim 11, further comprising a
fender provided between a side surface thereof and the hull.

13. A quay wall comprising the mooring system of claim 1.

14. The quay wall of claim 13, further comprising a rail
allowing the mooring system to move thereon. 10
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