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MOORING UNIT FOR MOORING A SHIP

The invention relates to a mooring unit for moorin
ship comprising a base, an arm mounted on the base,
supported by the arm for connecting a mooring line
ship, wherein the arm is movable between a retracte
and an extended position, and wherein the unit comp
actuating device for moving the arm from the extend
to the retracted position.

Such a mooring unit is known from W02013/115958. T
known mooring unit has an actuator connected to a m
and a mooring base. The actuator provides translati
ment of the mooring hook towards the mooring base.
unit also includes a vessel motion detection system
mooring unit control system. The mooring unit may i
mooring line tension gauge. The vessel motion detec
provides an input indicative of vessel motion to th
unit control system. The mooring unit control syste
vides an output signal to the appropriate parts of
adjust the mooring line tension.

The invention aims to address different problems o
the mooring unit of the prior art.

A first objective of the invention is to provide a
mooring unit which is better equipped to adapt to d
ship motions and forces caused by such motions, suc
sway, surge, yaw, pitch and roll.

A second objective of the invention is to provide
mooring unit which is equipped to provide improved
the ship motions.

A third objective of the invention is to provide a
mooring unit which exhibits variable stiffness beha
that the stiffness increases with increasing excurs
arm towards its extended position.

As a fourth objective of the invention aims to pro
vide a mooring unit that is both simple and reliabl

According to the invention a mooring unit is propo
in accordance with one or more of the appended clai

According to a first aspect of the invention the a
is mounted on a first part of the base, which first
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the base is rotatably mounted on a second part of t
that is rotationally fixed to enable rotation of th
part of the base around a vertical axis perpendicul
horizon. This enables that the arm of the mooring u
better follow back-and-forth movement of a moored s
tensions increasing in the mooring line. Due to all
freedom of the mooring unit, the unit will at all t
line with the mooring line (load). Accordingly move
hook is dependent on and initiated by the tension i
ing line and the varying directional forces acting
According to a second aspect of the invention whic
can be applied independent from the first aspect or
nation therewith, the arm is mounted to the base wi
termediate rod, wherein one extremity of the rod co
the base and an opposite extremity of the rod conne
arm at a hinge distant from the hook, wherein the h
sitioned on the arm between the hook and a position
actuating device connects to the arm. This provides
footprint of the mooring unit of the invention is r
due to the feature that the construction of the inv
sults in conversion of horizontal motion into verti
Accordingly the space that the mooring unit of the
requires is limited since the horizontal motion of
tween the retracted and the extended position corre
a vertical motion as embodied in the variable heigh
mooring unit that depends on the movement of the ar
advantage is that this particular geometry supports
ing unit’'s change of stiffness due to the fact that
hook extends the ratio changes between the actuatin
and the force arm, which results in a higher resist
vided to the hook load. In other words: movement of
from the retracted to the extended position causes
arm’s stiffness as measured at the hook of the moor
increases. This means that with greater excursions
the moored ship will be subjected to increased resi
mooring unit of the invention is suitably equipped
mooring forces having a time period of 6 seconds an
The mooring unit preferably comprises a control sy
tem to enable that the arm moves from the retracted
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towards the extended position when a force applied
away from the base exceeds a pre-established first
value.

The control system may include sensors for measuri

a mooring load, hydraulic and pneumatic pressures i
ing unit, temperature and parameters relating to th
the mooring unit.

The first threshold value is preferably between a
pre-established minimum and a pre-established maxim
prevent damage resulting from excessive forces to m
ropes or lines and to the mooring unit itself.

If on the other hand the forces acting on the moor
unit are or have become low enough, the arm can be
from the extended position to the retracted positio
ingly the mooring unit comprises an actuating devic
ing the arm from the extended position to the retra
tion. To this end it is preferable that the control
arranged such that the arm, powered by the actuatin
moves towards the retracted position when a force a
the hook away from the base falls below a pre-estab
cond threshold value. Indeed, when forces generated
moored ship's motion that act on the mooring unit f
the pre-established second threshold, this is an in
that the mooring lines are tending to be slacking a
arm has room to move back towards the retracted pos
tightly secure the ship. It is then preferable that
ing unit comprises an arm balancing element that ac
spring to support the arm in moving back towards th
position.

Suitably the actuating device is one selected from
the group comprising a hydraulic cylinder, a mechan
spring, a rotatable screw powered by an electric mo
pneumatic cylinder, a mechanical energy dissipater,
combination thereof.

Preferably, the actuating device is selected as a
vice capable to release potential energy to an ener
device or accumulator, preferably a hydraulic cylin
energy which is stored in the energy storage device
lator upon movement of the arm from the retracted p
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wards the extended position can thus, at a later in
used to move the arm back from the extended positio
the retracted position when the forces acting upon
unit have fallen below the pre-defined second thres
storage and re-use of energy allows the mooring uni
tion essentially without any provision of energy fr
sources.

An important feature of the mooring unit of the in
vention is that between the actuating device and th
tor an energy dissipation element is provided to ab
least a part of the energy received from the actuat
when the arm -subject to the motions of the moored
from the retracted position towards the extended po
Since the arm undergoes frequent movements due to t
ments of the moored ship, the amount of energy avai
the output of the actuating device is too high to b
the accumulator if this latter device has restricte
sions. It is therefore required that the surplus of
dissipated.

The invention will hereinafter be further elucidat
with reference to the drawing of an exemplary embod
mooring unit according to the invention that is not
as to the appended claims.

In the drawing:

- figure 1 shows a side view of the mooring unit a
cording to the invention, wherein the arm is in the
position;

- figure 2 shows a side view of the mooring unit a
cording to the invention, wherein the arm is in the
position;

- figure 3 shows a three dimensional view of the
mooring unit according to the invention, wherein th
the extended position;

- figure 4 shows a three dimensional view of the
mooring unit according to the invention, wherein th
the retracted position;

and

- figure 5 shows a flow diagram representing the
method of operation of the control system according
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Whenever in the figures the same reference numeral

are applied, these numerals refer to the same parts
Figures 1 - 4 show a mooring unit 1 for mooring a
ship (not shown) comprising a base 2 comprising a f
2’ and a second part 2”, an arm 3 mounted on the b
a hook 4 supported by the arm 3 for connecting a mo
(not shown) of the ship.
The arm 3 is mounted on the first part 2’ of the b
2 and said first part 2’ of the base 2 is rotatably
the second part 2” of the base 2 which is rotation
which enables rotation of the first part 2’ of the
around a vertical axis perpendicular to the horizon
possible that the mooring unit is aligned with the
orientation of the mooring line that depends on the
the moored ship.

The arm is further movable between a retracted pos

tion (figures 2 and 4) and an extended position (fi
3). The hook 4 is preferably embodied as a quick re
which as such is known from the prior art and is sh
positions represented by the continuous lines (=clo
dashed lines (=open) in figures 1 and 2, and in clo
tion only in figures 3 and 4. A hook balancing elem
tween the arm 3 and the hook 4 is applied to mainta
4 in a particular desired position.

The mooring unit 1 comprises an actuating device,
instance an hydraulic cylinder 5 which accumulates
the arm 3 moves from the retracted position shown i
and 4 to an extended position as shown in figure 1
energy from the hydraulic cylinder 5 is stored in a
storage device such as an accumulator 10, and can |
used to energize the hydraulic cylinder 5 for movin
back from the extended position shown in figures 1
the retracted position of figures 2 and 4. It furth
arm balancing element 12 that acts as a springto s
arm 3 in moving back towards the retracted position
Between the actuating device 5 and the accumulator
gy dissipation element 11 is provided to absorb at
part of the energy received from the actuating devi
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the arm 3, subject to the forces of the moored ship
from the retracted position towards the extended po

It is possible that the actuating device is not a
draulic cylinder, but a mechanical spring, a rotata
powered by an electric motor, a pneumatic cylinder,
cal energy dissipater, or any combination thereof.

To accommodate the intended operation of the moori
unit 1 as just described, the unit 1 comprises a co
tem 6 (the operation of which is schematically show
5) to enable that the arm 3 moves from the retracte
towards the extended position when a force (F, show
row in figure 2) is applied on the hook 4 away from
that exceeds a pre-established first threshold valu
tion the control system is arranged to power the ac
vice such that the arm 3 moves back towards the ret
sition when the force F that acts on the hook 4 in
away from the base 2 falls below a pre-established
threshold value.

Turning back to figures 1 — 4 it is shown that the
arm 3 is mounted to the base 2 with an intermediate
wherein one extremity of the rod connects to the ba
opposite extremity of the rod connects to the arm 3
8 distant from the hook 4, wherein the actuating de
nects to the arm 4 at a second position 9 which sec
tion 9 is further away from the hook 4 than the hin
position of the hinge 8 is chosen such that the hoo
bled to follow a predefined curved trajectory when
moves between the retracted and the extended positi
particular this position arranges a desirable stiff
acteristic of the arm 3 of the mooring unit 1, wher
stiffness increases when the arm moves from the ret
sition to the extended position.

Although the invention has been discussed in the
foregoing with reference to an exemplary embodiment
mooring unit of the invention, the invention is not
to this particular embodiment which can be varied i
without departing from the invention. The discussed
embodiment shall therefore not be used to construe
ed claims strictly in accordance therewith. On the
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the embodiment is merely intended to explain the wo

the appended claims without intent to limit the cla

exemplary embodiment. The scope of protection of th

shall therefore be construed in accordance with the
claims only, wherein a possible ambiguity in the wo
the claims shall be resolved using this exemplary e

Nomenclature

Mooring unit

Base, first part 2’, second part 2”

Arm

Hook

Actuating device

Control system

Rod

Hinge

Position connecting the actuating device 5 to th

. Accumulator

. Energy dissipation element
. Arm balancing element

. Hook balancing element
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CLAI N5

1. Mooring unit (1) for mooring a ship comprising a
base (2), an arm (3) mounted on the base (2), and a hook (4)
supported by the arm (3) for connecting a mooring | ine of the
ship, wherein the arm (3) is movable between a retr acted posi-
tion and an extended position, and wherein the unit (1) com-
prises an actuating device (5) for moving the arm ( 3) from the
extended position to the retracted position, characterized in
t hat the arm (3) is mounted on a first part (2') of the base
(2) wherein the first part (2') of the base (2) is rotatably
mounted on a second part (2”) of the base (2) that is rota-
tionally fixed, to enable rotation of the first par t (2') of
the base (2) around a vertical axis perpendicular t o the hori-
zon.

2. Mooring unit (1) according to claim 1 or accord ing
to the preamble of claim 1, characterized in that thearm (3)
is mounted to the base with an intermediate rod (7) , Wherein
one extremity of the rod (7) connects to the base ( 2) and an
opposite extremity of the rod (7) connects to the a rm (3) ata
hinge (8) distant from the hook (4), wherein the hi nge (8) is
positioned on the arm (3) between the hook (4) and a position
(9) where the actuating device (5) connects to the arm (3).

3. Mooring unit (1) according to claim 1 or 2, char -
acterized in that the unit (1) comprises a control system (6)
to enable that the arm (3) moves from the retracted position
towards the extended position when a force (F) appl ied on the
hook (4) away from the base (2) exceeds a pre-estab lished
first threshold value.

4. Mooring unit (1) according to any one of the pr e-
vious claims 1 — 3, characterized in that the unit (1) com-
prises a control system (6) to arrange that the arm (3) moves
towards the retracted position when a force (F) app lied on the
hook (4) away from the base (2) falls below a pre-e stablished
second threshold value.

5. Mooring unit (1) according to any one of the pr e-
vious claims 1 — 3, characterized in that the unit (1) com-
prises an arm balancing element (12) that acts as a spring to

support the arm (3) in moving towards the retracted position.
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6. Mooring unit (1) according to any one of the pr e-
vious claims 1 — 5, characterized in that the actuating device
(5) is one selected from the group comprising a hyd raulic cyl-
inder, a mechanical spring, a rotatable screw power ed by an
electric motor, a pneumatic cylinder, a mechanical energy dis-
sipater, and any combination thereof.

7. Mooring unit (1) according to any one of claims 1
—6, characterized in that the actuating device (5) is select-
ed as a device capable to release potential energy to an ener-
gy storage device or accumulator (10), preferably a hydraulic
cylinder.

8. Mooring unit (1) according to any one of claims 1
—7, characterized in that between the actuating device (5)
and the accumulator (10) an energy dissipation elem ent (11) is
provided to absorb at least a part of the energy re ceived from
the actuating device (5) when the arm (3) moves fro m the re-

tracted position towards the extended position.



