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Description
Field of invention

[0001] The present invention relates to a method of
damping a rolling movement of a loaded ship, and to a
ship comprising a device configured to damp a rolling
movement of the loaded ship. In the context of the pre-
sent invention, the general expression "ship" also com-
prises barges and vessels amongst others.

[0002] Seawavesand strongwind conditions may lead
to heavy rolling motions of a ship. The rolling motion is an
oscillating movement of the ship around the longitudinal
axis of the ship. This might lead to weather restricted
operations for loading and discharging a cargo, when the
ship is not docked in a sheltered environment. These
weather restrictions can be very severe, making the
operational durations of projects using a barge transport
solution very long and costly. If the operational perfor-
mance can be significantly improved, a lot of time and
expense could be saved.

[0003] For example, the specific issue of operability of
barges delivering wind turbine components to installation
vessels offshore, is the limiting operation for a wind
turbine installation. In particular for projects in USA, only
a few vessels can sail back and forth directly for loading
components in a harbour due to the Jones Act require-
ment. Wind turbines must be feed offshore to the installa-
tion vessel and lifted off the feeder barge by a jacked up
wind turbine installation vessel (WTIV). The movement of
the barge while lifting heavy components is highly chal-
lenging.

[0004] Complex lifting tools, dynamic motion compen-
sation devices, and free surfaces in hull tanks are used to
cope with the rolling motions so far. In general, tools are
developed to remove or compensate for the individual
motions of an object loaded on a barge, rather than
reducing the movements of the entire barge.

Summary of the Invention

[0005] There may be a need for efficiently and readily
damping the rolling motion of a ship. This need may be
met by the subject matters according to the independent
claims. The present invention is further developed as set
forth in the dependent claims.

[0006] According to a first aspect of the invention, a
method of damping a rolling movement of a ship is
provided. The method comprises steps of loading a load
onto the ship; and mounting at least one tank to the ship,
the tankis partly filled by afluid so thata natural frequency
of a rolling motion of the loaded ship including the
mounted tank is adjusted to a predetermined rolling
frequency.

[0007] The filled tank has a natural sloshing frequency
or period, which affects and thus adjusts the predeter-
mined rolling frequency of the entire loaded ship. The
sloshing period of the filled tank is different, preferably
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significantly away from a rolling frequency of the loaded
ship without the tank or with an unfilled tank, and pre-
ferably significantly away from an estimated expected
wave frequency of the sea.

[0008] For example, the ship can be a feeder barge.
One or more large tanks of certain shapes can be ar-
ranged on a deck of a barge in a manner that they can be
relatively easily removed. The tanks shall exhibit their
sloshing period significantly away from the roll period of
the loaded barge.

[0009] When the barge is loaded and in a sea state, it
has reactions to the waves. Without using the tank, these
reactions would be be very significant and create high
difficulty in handling items on a barge in poor weather
conditions. Every floating vessel has a natural frequency
for its motions in 6 degrees of freedom. The most sig-
nificant of these is the roll motion about the barge’s
longitudinal axis. When the natural frequency is nearby
the frequency the waves encounter the barge, high mo-
tions are usually experienced which leads to large forces
to sea fasten cargo and limitations to the wave height at
which loading and discharge operations can occur. By
enabling a very high amount of damping to the rolling
motion of a barge according to the present invention, the
influence of the sea state is dramatically less.

[0010] So far, tools have been developed to remove or
compensate for the motions of an object loaded on a
barge, rather than the reduce the movements of the
barge. The purpose of using large tanks with a geometry
specifically arranged to allow tuning the natural period of
the barge to avoid coincidence with the prevailing sea
state in accordance with the present invention means
that the barges motions are wholistically reduced,
whereas prior art compensation devices try to compen-
sate for the local and relative movements of the loaded
items loaded on the barge to keep the items approxi-
mately stationary. These prior art compensation devices
also have limitations on their capabilities, if used in con-
junction with roll damping of the barge, whereas the
present invention is significantly more effective.

[0011] In an embodiment, the method further com-
prises steps of determining or measuring an initial natural
rolling frequency of the rolling motion of the ship with the
loaded load, estimating an expected wave frequency of
the sea, and providing a predetermined fluid level in the
tank to obtain the predetermined rolling frequency of the
rolling motion of the ship with the loaded load so that a
difference between the initial natural rolling frequency
and the estimated expected wave frequency is smaller
than a difference between the predetermined rolling fre-
quency and the estimated expected wave frequency.
[0012] The step of determining or measuring the nat-
ural frequency can be made by calculations based on a
well-known formula which for example take the load, a
mass of the ship and a position of a center of gravity of the
ship, etc. into account. Alternatively, the natural fre-
quency of the rolling motion of the ship can be obtained
by experiments which are carried out in advance. The
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step of estimating the expected wave frequency of the
sea can be done by using an ocean report or statistical
data, for instance.

[0013] In an embodiment, the method further com-
prises at least one of the following: filling and/or dischar-
ging the tank to obtain a predetermined fluid level, the
predetermined fluid level is configured to adjust the nat-
ural frequency of the rolling motion of the loaded ship
including the mounted tank to the predetermined rolling
frequency; and adjusting a density of the fluid within the
tank to a predetermined density, the predetermined den-
sity is configured to adjust the natural frequency of the
rolling motion of the loaded ship including the mounted
tank to the predetermined rolling frequency. In these
embodiments, the tank can be an integral part of the ship
which does not have to be detached or replaced.
[0014] In an embodiment, the method further com-
prises steps of selecting a tank having a predetermined
shape or volume, the selected tank, when filled with the
fluid with a predetermined fluid level, is configured to
adjust the natural frequency of the rolling motion of the
loaded ship including the selected tank to the predeter-
mined rolling frequency, and providing the predetermined
fluid level in the selected tank. Depending on the load of
the loaded ship, an optimized tank out of the available
tanks is selected to adjust the natural frequency of the
rolling motion of the loaded ship to the predetermined
rolling frequency. In this embodiment, the tank can either
be an integral part of the ship which does not have to be
detached or replaced, or the selected tank can be
mounted to the ship and then filled with the fluid with
the predetermined fluid level.

[0015] In an embodiment, the method further com-
prises steps of selecting a predetermined number of
the tanks with predetermined fluid levels, the selected
number of the tanks, when filled with the fluid, is config-
ured to adjust the natural frequency of the rolling motion
of the loaded ship including the selected number of the
tanks to the predetermined rolling frequency, and provid-
ing the fluid levels in the selected number of the tanks. In
this embodiment, the tanks can either be integral parts of
the ship which do not have to be detached or replaced, or
the tanks can be mounted to the ship and then filled with
the fluid with the predetermined fluid levels.

[0016] In an embodiment, the tank is filled between
30% and 70%, preferably between 40% and 50%, with
the fluid. Because the tank is not fully filled, a sloshing
motion of the fluid is possible. In an embodiment, the fluid
is or comprises water, preferably sea water.

[0017] Accordingto asecond aspectofthe invention, a
shipis provided. The ship is loaded with a load so that the
loaded ship has a predetermined natural frequency of a
rolling motion. The ship comprises a device configured to
damp a rolling movement of the loaded ship, wherein the
device comprises at least one tank which is partly filled by
afluid so that the natural frequency of the rolling motion of
the loaded ship including the tank is adjusted to the
predetermined rolling frequency.
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[0018] The second aspect of the present invention
achieves the same advantages as the first aspect of
the present invention.

[0019] Inanembodiment, in a cross section of the tank
along a transverse axis of the ship, the tank comprises a
central portion and two lateral portions, wherein a surface
area of the central portion is smaller than surface areas of
each lateral portion. A high sloshing amplitude can be
obtained in the lateral portions, while the entire tank is
configured to save space due to the smaller central
portion. In an embodiment, the cross section of the tank
along the transverse axis of the ship can substantially be
U-shaped, H-shaped, X-shaped or V-shaped.

[0020] In an embodiment, the ship is configured to
mount a group of tanks, wherein the ship comprises a
subgroup of the tanks, which is configured to provide the
predetermined rolling frequency.

[0021] Inanembodiment, the ship comprises a mount-
ing device being configured to mount any tank of a group
comprising different tanks having different sizes or
shapes, wherein the different tanks being partly filled
with the fluid are configured to provide different natural
frequencies of the rolling motion of the loaded ship. In an
embodiment, the mounting device is configured to inter-
changeably mount each tank of the group.

[0022] Inanembodiment, the load is a component of a
wind turbine, for example a tower or tower segment, a
nacelle or a blade.

[0023] It has to be noted that embodiments of the
invention have been described with reference to different
subject matters. In particular, some embodiments have
been described with reference to apparatus type claims
whereas other embodiments have been described with
reference to method type claims. However, a person
skilled in the art will gather from the above and the
following description that, unless other notified, in addi-
tion to any combination of features belonging to one type
of subject matter also any combination between features
relating to different subject matters, in particular between
features of the apparatus type claims and features of the
method type claims is considered as to be disclosed with
this application.

Brief Description of the Drawings

[0024] The aspects defined above and further aspects
of the present invention are apparent from the examples
of embodiment to be described hereinafter and are ex-
plained with reference to the examples of embodiment.
The invention will be described in more detail hereinafter
with reference to examples of embodiment but to which
the invention is not limited.

Fig. 1  shows a perspective view of a ship according
to an embodiment;
Fig. 2  shows a cross section of a ship and a tank ac-

cording to an embodiment;
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Fig. 3  shows a cross section of a ship and tanks ac-
cording to an embodiment;
Fig. 4 shows a plan view of a ship and a group of

different tanks according to an embodiment.

Detailed Description

[0025] The illustrations in the drawings are schemati-
cally. Itis noted that in different figures, similar or identical
elements are provided with the same reference signs.
[0026] Fig. 1 shows a ship 1 according to an embodi-
ment. The ship 1 is loaded with aload 2 so that the loaded
ship 1 has a predetermined natural frequency of a rolling
motion. The ship 1 comprises a device configured to
damp or reduce a rolling movement of the loaded ship
1. The device comprises atleast one tank 3 which is partly
filled by a fluid 5 with a fluid level L so that the natural
frequency of the rolling motion of the loaded ship 1
including the tank 3 is adjusted to the predetermined
rolling frequency.

[0027] The rolling motion of the ship 1 is its motion
along a longitudinal axis X of the ship, which can be
caused by the sea waves. The filled tank 3 has a natural
sloshing frequency or period, which affects and thus
adjusts the predetermined rolling frequency of the entire
loaded ship 1. The sloshing period of the filled tank 3 is
different, preferably significantly away from a rolling fre-
quency of the loaded ship 1 without the tank 3 or with the
unfilled tank 3, or significantly away from an estimated
expected wave frequency of the sea.

[0028] Fig. 2 shows a cross section of a ship 1 and a
tank 3 along a transverse axis of the ship 1 according to
an embodiment. In the cross section of the tank 3, the
tank 3 comprises a central portion 32 and two lateral
portions 31, 33, wherein a surface area of the central
portion 32 is smaller than surface areas of each lateral
portion 31, 33. The cross section of the tank 3 along the
transverse axis of the ship 1 can also be substantially U-
shaped, H-shaped, V-shaped or X-shaped.

[0029] Inaneutralstate, the fluid 5 within the tank has a
neutral fluid level L. On the sea, when the ship 1 is
subjected to the waves, the fluid 5 in the tank 3 is sloshing
and exhibits an oscillating sloshing level L1. Due to the
specific shape of the tank 3, where the surface area of the
central portion 32 is smaller than surface areas of each
lateral portion 31, 33, a high sloshing amplitude can be
obtained in the lateral portions 31, 33, while the entire
tank 3 is configured to save space due to the smaller
central portion 32. For example, the free space above the
recessed central portion 32 can be used for storage
purposes, for example the load 2 could be placed there.
The same effect can be achieved, when the tank 3 along
the transverse axis of the ship 1 is substantially U-
shaped, H-shaped, V-shaped or X-shaped.

[0030] Fig. 3 shows a cross section of a ship 1 and
tanks 3 according to an embodiment. The ship 1 is con-
figured to mount a group of tanks 3, wherein the ship
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comprises a subgroup of the tanks 3, which is configured
to provide the predetermined rolling frequency. In the
embodiment of Fig. 3, the ship 1 is configured to mount
four tanks 3 as a maximum. For example, depending on
the mass of the loaded load 2, which affects the rolling
frequency of the ship 1, some of the four tanks 3 can be
removed or remain unfilled to obtain the predetermined
rolling frequency of the loaded ship 1.

[0031] Fig.4 shows a plan view of a ship 1 and a group
of different tanks 3.1, 3.2, 3.3 having different shapes or
volumes according to an embodiment. The ship 1 com-
prises amounting device 4 being configured to mountany
tank 3.1, 3.2, 3.3 of the group, wherein each tank 3.1, 3.2,
3.3 being partly filled with the fluid 5 is configured to
provide different natural frequencies of the rolling motion
of the loaded ship 1. For example, depending on the load
2, one out of the group of different tanks 3.1, 3.2, 3.3 is
selected and partly filled with the fluid 5 so that the natural
frequency of the rolling motion of the loaded ship 1
including the selected tank 3.1, 3.2 or 3.3 is adjusted
to the predetermined rolling frequency. Each tank 3.1,
3.2, 3.3 can be provided with an adaptor 6 which is
configured to be mounted to the mounting device 4.
[0032] Preferably, the mounting device 4 is configured
to interchangeably mount each tank 3.1, 3.2, 3.3 of the
group so that a modular system is achieved.

[0033] The present invention is particularly useful in
cases, where the load 2 is a heavy component of a wind
turbine, such as a tower, a nacelle or a blade.

[0034] In the following, a method of damping a rolling
movement of a ship 1 is described. The method com-
prises steps of loading a load 2 onto the ship 1, and
mounting at least one tank 3 to the ship 1. The tank 3 is
partly filled by a fluid 5 with the fluid level L so that a
natural frequency of a rolling motion of the loaded ship 1
including the mounted tank 3 is adjusted to a predeter-
mined rolling frequency. The rolling motion of the ship 1is
its motion along a longitudinal axis X of the ship, which
can be caused by the sea waves. The filled tank 3 has a
natural sloshing frequency or period, which affects and
thus adjusts the predetermined rolling frequency of the
entire loaded ship 1. The sloshing period of the filled tank
3 is different, preferably significantly away from a rolling
frequency of the loaded ship 1 without the tank 3 or with
the unfilled tank 3.

[0035] Inanembodiment, the method can further com-
prise a step of determining or measuring an initial natural
rolling frequency f; of the rolling motion of the ship 1 with
the loaded load 2, for example without the tank 3 or with
the unfilled tank 3. This initial natural rolling frequency f,
can be calculated by awell-known formula for example by
taking the load 2, a mass of the ship 1 and a position of a
center of gravity of the ship 1 into account. Alternatively,
the initial natural rolling frequency f; of the rolling motion
of the ship 1 can be obtained by experiments which are
carried out in advance.

[0036] The method further comprises a step of estimat-

ing an expected wave frequency f,,, of the sea. This can
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be done by using an ocean report or statistical data, for
instance.

[0037] Thereafter, a predetermined fluid level L is pro-
vided in the tank 3 to obtain a predetermined rolling
frequency f, of the rolling motion of the ship 1 with the
loaded load 2 so that a difference [f; - f., | between the
initial natural rolling frequency f; of the rolling motion of
the ship 1 including the loaded load 2 and the estimated
expected wave frequency f,,, is smaller than a difference
If5 - fexpl between the predetermined rolling frequency f,
ofthe rolling motion of the ship 1 including the loaded load
2 and the tank 3 having the predetermined fluid level L,
and the estimated expected wave frequency f,,. Pre-
ferably, the sloshing frequency of the filled tank 3 and the
predetermined rolling frequency f, of the ship 1 including
the loaded load 2 and the tank 3 having the predeter-
mined fluid level L is significantly away from the estimated
expected wave frequency feXp ofthe seasothattherolling
movement of a ship 1 is well damped.

[0038] In an embodiment, the method further com-
prises steps of filling and/or discharging the tank 3 to
obtain a pre-determined fluid level L, wherein the pre-
determined fluid level L is configured to adjust the natural
frequency of the rolling motion of the loaded ship 1
including the tank 3 with the predetermined fluid level L
to the predetermined rolling frequency.

[0039] In another embodiment, the method further
comprises steps of adjusting a density of the fluid 5 within
the tank 3 to a predetermined density, wherein the pre-
determined density is configured to adjust the natural
frequency of the rolling motion of the loaded ship 1
including the filled tank 3 to the predetermined rolling
frequency.

[0040] Inanembodimentas shown in Fig. 4, the meth-
od further comprises steps of selecting a tank 3.1, 3.2 or
3.3 having a predetermined shape or volume, the se-
lected tank 3.1, 3.2 or 3.3, when filled with the fluid 5 with a
predetermined fluid level L, is configured to adjust the
natural frequency of the rolling motion of the loaded ship 1
including the selected tank 3.1, 3.2 or 3.3 to the prede-
termined rolling frequency, and providing the predeter-
mined fluid level L in the selected tank 3.1, 3.2 or 3.3.
Depending on the load of the loaded ship 1, one of the
tanks 3.1, 3.2 or 3.3 can be selected to adjust the natural
frequency of the rolling motion of the loaded ship 1 to the
predetermined rolling frequency.

[0041] Inanembodiment as shown in Fig. 3, the meth-
od further comprises steps of selecting a predetermined
number of the tanks 3, wherein the selected number of
the tanks 3, when filled with the fluid 5 with predetermined
fluid levels L, is configured to adjust the natural frequency
of the rolling motion of the loaded ship 1 including the
selected number of the tanks 3 to the predetermined
rolling frequency, and providing the fluid levels L in the
selected number of the tanks 3. For example, the se-
lected number of prefilled tanks 3 can be mounted.
Alternatively, the tanks 3 can be mounted in an empty
state to the ship 1, and only the selected number of the
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tanks 3 is filled with the fluid 5.

[0042] The tank 3 is preferably filled between 30% and
70%, more preferred between 40% and 50%, with the
fluid 5. Because the tank 3 is not fully filled, a sloshing
motion ofthe fluid 5 is possible. The fluid 5 is or comprises
water, preferably sea water.

[0043] It should be noted that the term "comprising"
does not exclude other elements or steps and "a" or "an"
does not exclude a plurality. Also elements described in
association with different embodiments may be com-
bined. It should also be noted that reference signs in
the claims should not be construed as limiting the scope
of the claims.

[0044] Independent of the grammatical term usage,
individuals with male, female or other gender identities
are included within the term.

Claims

1. A method of damping a rolling movement of a ship
(1), the method comprising:
loading a load (2) onto the ship (1); and
mounting atleast one tank (3) to the ship (1), the tank
(3) is partly filled by a fluid (5) so that a natural
frequency of a rolling motion of the loaded ship (1)
including the mounted tank (3) is adjusted to a pre-
determined rolling frequency.

2. Themethod accordingto the preceding claim, further
comprising steps of:
determining or measuring an initial natural rolling
frequency (f;) of the rolling motion of the ship (1)
with the loaded load (2);
estimating an expected wave frequency (f,,) of the
sea; and providing a predetermined fluid level (L) in
the tank (3) to obtain the predetermined rolling fre-
quency (f,) of the rolling motion of the ship (1) with the
loaded load (2) so that a difference (|f; - fexpl) be-
tween the initial natural rolling frequency (f;) and the
estimated expected wave frequency (fg,) is smaller
than a difference (|f, - fexp|) between the predeter-
mined rolling frequency (f,) and the estimated ex-
pected wave frequency (fg,p).

3. The method according to any one of the preceding
claims, further comprising at least one of the follow-

ing:

filling and/or discharging the tank (3) to obtain a
predetermined fluid level (L), the predetermined
fluid level (L) is configured to adjust the natural
frequency of the rolling motion of the loaded ship
(1) including the mounted tank (3) to the pre-
determined rolling frequency; and

adjusting a density of the fluid (5) within the tank
(3) to a predetermined density, the predeter-
mined density is configured to adjust the natural
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frequency of the rolling motion of the loaded ship
(1) including the mounted tank (3) to the pre-
determined rolling frequency.

The method according to any one of the preceding
claims, further comprising steps of:

selecting a tank (3) having a predetermined shape or
volume, the selected tank (3), when filled with the
fluid (5) with a predetermined fluid level (L), is con-
figured to adjust the natural frequency of the rolling
motion of the loaded ship (1) including the selected
tank (3) to the predetermined rolling frequency, and
providing the predetermined fluid level (L) in the
selected tank (3).

The method according to any one of the preceding
claims, further comprising steps of:

selecting a predetermined number of the tanks (3),
the selected number of the tanks (3), when filled with
the fluid (5) with predetermined fluid levels (L), is
configured to adjust the natural frequency of the
rolling motion of the loaded ship (1) including the
selected number of the tanks (3) to the predeter-
mined rolling frequency, and providing the fluid levels
(L) in the selected number of the tanks (3).

The method according to any one of the preceding
claims, wherein

the tank (3) is filled between 30% and 70%, prefer-
ably between 40% and 50%, with the fluid (5).

The method according to any one of the preceding
claims, wherein

the fluid (5) is or comprises water, preferably sea
water.

A ship (1) loaded with a load (2) so that the loaded
ship (1) has a predetermined natural frequency of a
rolling motion, the ship (1) comprising a device con-
figured to damp a rolling movement of the loaded
ship (1), the device comprising:

atleast one tank (3) which is partly filled by a fluid (5)
so that the natural frequency of the rolling motion of
the loaded ship (1) including the tank (3) is adjusted
to the predetermined rolling frequency.

The ship (1) according to the preceding claim,
wherein in a cross section of the tank (3) along a
transverse axis of the ship (1), the tank (3) comprises
a central portion (32) and two lateral portions (31,
33), wherein a surface area of the central portion (32)
is smaller than surface areas of each lateral portion
(31, 33).

The ship (1) according to any one of claims 8 and 9,
wherein

the cross section of the tank (3) along the transverse
axis of the ship (1) is substantially U-shaped, H-
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1.

12.

13.

14.

shaped, X-shaped or V-shaped.

The ship (1) according to any one of claims 8 to 10,
wherein

the ship (1) is configured to mount a group of tanks
(3), wherein the ship comprises a subgroup of the
tanks (3), which is configured to provide the prede-
termined rolling frequency.

The ship (1) according to any one of claims 8 to 11,
wherein

the ship (1) comprises a mounting device (4) being
configured to mount any tank (3.1, 3.2, 3.3) of a
group comprising different tanks (3.1, 3.2, 3.3) hav-
ing different sizes or shapes, wherein the different
tanks (3.1, 3.2, 3.3) being partly filled with the fluid (5)
are configured to provide different natural frequen-
cies of the rolling motion of the loaded ship (1).

The ship (1) according to the preceding claim,
wherein the mounting device (4) is configured to
interchangeably mount each tank (3.1, 3.2, 3.3) of
the group.

The ship (1) according to any one of claims 8 to 13,
wherein
the load (2) is a component of a wind turbine.
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