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DESCRIPTION

[0001] The invention relates to a vessel provided with a stabilization system, according to the 
preamble of claim 1. The invention is also related to a method for active stabilization of a 
vessel, according to the preamble of claim 13, and a method for passive stabilization, 
according to the preamble of claim 20.

Background

[0002] Today, most vessels are not provided with active stabilization, although for vessels 
working together with fixed installations this is desired, and this has until now been considered 
as a natural thing and taken as a matter of course. Where vessels do not have this feature, 
they must, in bad weather and unfavourable wave conditions, space themselves at a distance, 
waiting for weather changes. Even when weather conditions are relatively good and the 
motions of the vessel are small, they are very vulnerable in relation to the wave movements 
and completely at their mercy. Not only vessels, as ships or boats, but also rigs, platforms, 
cranes etc., will benefit greatly from active stabilization. A vessel without a suitable system for 
active stabilization may be compared to a car without shock absorbers, which would be 
unthinkable in terms of road safety.

[0003] Seagoing vessels are, as is known, affected by the movement of waves and other 
static loads. From prior patent literature, among other things, the use of tanks which are open 
in the bottom, is known especially on oil rigs. These tanks function by having an adjustable 
valve at their top part, which leads into the atmosphere. Because of the static movement that 
the rig experiences in high seas, the ratio of filling of sea water in the tanks can be adjusted to 
compensate and reduce the movement.

[0004] Other systems which presently used to avoid roll are stabilization tanks and Anti 
Heeling pumps, although in these cases a large proportion of the loadbearing capacity of the 
vessel can not be used. The vessel is in addition exposed to constant loading without any 
possibility of controlling changes, for example, in the draught. The Anti Heeling pump is an 
active pump system, but it often has insufficient capacity in relation to what is desired.

[0005] In prior art systems such as this, it is a huge problem that, as fluid is pumped from one 
full tank to another, making effectively two tanks which are each half full with ballast with a free 
fluid surface. In terms of stability, this is a dangerous situation. Another problem with the prior 
art systems is that only one valve is used to close the flow of fluid between the tanks, which 
results in an unstable system, especially if the valve is locked in the open position, in which 
case the fluid in these two tanks can flow freely between the two tanks, from starboard to port.

[0006] From GB 2 091 192A a vessel is known, which is provided with tanks for stabilization. 
These tanks have openings in the bottom and are used for active and passive stabilization. A
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major disadvantage of GB 2 091 192 A is that only compressed air and storage tanks are used 
for active and passive stabilization, with low pressure (¼ to % bar) and high pressure (3 to 7 
bar), which means that all changes of the level in the ballast tanks must take place below the 
water level, and only the buoyancy in the ballast tanks can be changed. This also means that a 
limited ballast volume is available.

[0007] US 4 167 147 discloses a method and apparatus for stabilizing a floating structure. US 
4 167 147 is related to semi-submersible platforms which are mainly stationary and the main 
object of the system is to provide heave stabilization by velocity damping of platform motion. 
The controlling is based on the difference between sensed heave velocity and the volume of 
water in the tank relative to a mean volume. The solution requires conduits, both to ambient 
atmosphere and to the bottom of the column of the platform to provide water in the tank has 
severe limitations as regards capacity. For a platform weighing hundreds of tons the 
movements will be experienced over a long time, but for a vessel, the effect of wave will be 
experience within short time, and a apparatus with such a response time as in US 4 167 147 
will not be suitable for vessels (boats and ship). Further, the apparatus of US 4 167 147 will not 
be able to elevate the fluid level above the level the floating structure is floating in.

[0008] Vessels performing anchoring operations are often provided with bulky machinery and 
have a high consumption of diesel fuel so that, a planned operation may take much longer time 
than expected and will result in reduced stability as the diesel tanks are gradually emptied.

[0009] Present vessels with stabilization tanks are vulnerable if a critical situation arises, for 
example, a power failure or similar, in which case the vessel may not be able to transfer 
ballast.

[0010] Where vessels are required to carry out towing operations, this is done by changing 
direction by rudder deflection, with the result that the load can be moved very quickly from 
starboard to port and with the present systems it is not possible for the stabilization to be 
transferred rapidly enough.

[0011] In connection with towing operations, a long tow rope with weights is used between the 
towing vessel and the object being towed. This is to reduce the variations in the tension of the 
tow rope due to constant changes in the wave resistance. After each wave the vessel must 
accelerate to recover the velocity the vessel had before it hit the wave. The more this wave 
resistance can be reduced, the more economical it will be for the planned operation.

[0012] It is generally very desirable for the influence on the environment from vessels to be 
reduced, both in relation to economics, but also in relation to NOx emissions. This will result in 
a better environment and less pollution - an important topic in the community today.

[0013] The lack of active stability in relation to movement also affects all vessels where a 
certain amount of manual work has to be carried out by people. A fishing boat is an example of 
a kind of vessel where the considerable damage can be caused as a result of the many
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manual tasks performed during catching and processing offish. The speed of stabilization may 
differ between an accident and a normal operation. A system which can more rapidly stabilize 
and compensate forces affecting the vessel is highly desired.

[0014] Many vessels are designed to pass through certain lock systems for waterways or 
shallow waters, and these vessels are designed to always have a low draught, something 
which may result in stability problems.

[0015] Icebreakers are another kind of vessel, which have a special hull design associated 
with the properties of breaking ice. These vessels must carry large amounts of ballast, which 
has to be transferred from the stern to the prow of the vessel and this can produce 
uncontrolled situations. The movement of ballast will always have an uncontrolled effect on all 
ships.

[0016] A number of vessels throughout the world lie on standby due to high seas in case their 
attendance is required. This can result in unnecessary pollution and unnecessary costs, as the 
vessels must lie idle on standby. It is thus very desirable that a vessel should be able to 
operate during worse conditions than is the case for present vessels, while at the same time 
ensuring the safety of vessels and crews.

[0017] Also for vessels having a helicopter deck, there will be a need for improved stability 
and compensation for vertical movements, as the helicopter will not be able to land if the 
movements of the vessel are too great.

[0018] It is therefore obvious that there is a need for most vessels to have a more rapid and 
active stabilization of vessel than is the case today. There is also presently a lack of passive 
stabilization of vessels.

Object

[0019] The main object of the invention is to provide a vessel provided with a stabilization 
system and methods for active and passive stabilization of a vessel, especially controlling the 
vertical movement of all floating vessels/barges and rigs/platforms caused by the effect of 
waves, displacements or movement of load/ballast and crane work.

[0020] It is further an object of the invention to reduce the maximum movement which affects 
vessels today, i.e. reducing pitch, roll and draught.

[0021] It is further an object of the invention that it should be possible to maintain the distance 
between the vessel and the sea bottom as constant as possible.

[0022] It is finally an object of the invention that the vessel provided with the stabilization 
system and methods should improve or entirely eliminate the above mentioned disadvantages
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of prior art systems, and result in improved security for both crew and vessels operating in 
maritime environments, which are provided with the stabilization system and methods 
according to the invention.

The invention

[0023] A vessel provided with a stabilization system according to the invention, operating in a 
maritime environment, is described in claim 1. Preferable features of the vessel provided with a 
stabilization system are described in claims 2-12.

[0024] A method according to the invention for active stabilization of vessels, operating in a 
maritime environment, is described in claim 13. Preferable features of the method are 
described in the claims 14-19.

[0025] A method according to the invention for passive stabilization of vessels, operating in a 
maritime environment, is described in claim 20. Preferable features of the method are 
described in claims 21-24.

[0026] All floating objects which are to be referred to, and which are to be controlled according 
to the invention, will hereinafter be referred to as vessels.

[0027] A stabilization system for a vessel according to the invention mainly includes tanks, 
means for supplying and removing fluid to and from the tanks, and a control system for 
controlling the means for supplying and removing fluid to and from the tanks, based on 
information on the movements of the vessel and the effects of the environment on the vessel. 
A vessel to make use of the stabilization system and the methods according to the invention is 
advantageously provided/designed with adapted tanks on adapted locations, having an 
opening at the bottom, which is large enough for a sufficient volume of fluid to pass without 
cavitation or other resistance in the openings of the tanks.

[0028] The tanks preferably further are of a sufficient height in relation to the sea level, such 
that a sufficient volume of fluid can compensate the buoyancy which produces changes in 
pitch, roll and draught of the vessel. At the upper part of the tanks, there are arranged means 
for supplying and removing fluid to and from the tanks, for example, vacuum compressors or 
similar, which are used to control the pressure/vacuum over the fluid surface in the tanks, and 
in this way can raise the fluid level in the tanks to provide the desired ballast or lower the fluid 
level to provide buoyancy for the vessel at any time. The fluid volume in the tanks is controlled 
by the control system so that the fluid level is changed to compensate the forces affecting the 
vessel, such as the movement of the sea on the vessel or other components/loads affecting 
the vessel, which results in vertical movements.

[0029] In a traditional vessel, the roll, pitch and draught movements are usually compensated 
by means of the displacement of floating fluid in tanks, which fluid amounts are a part of the
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tonnage of the vessel. As described above, this is "closed" systems which may result in stability 
problems, especially in cases of failure, as these systems will not provide sufficient 
ballast/buoyancy within an acceptable time, due to limitations in the available total fluid volume 
and capacity of pumps. In addition they reduce the total load capacity of the vessel, as the fluid 
volume is a part of the tonnage of the vessel.

[0030] By means of the invention, the tanks do not basically include any fluid amount, but will 
be provided with fluid through the operation of the stabilization system, and only as required. In 
this way, the vessel will have a maximum load capacity. Because the stabilization system 
utilizes the medium in which it floats to provide ballast for the vessel, this results in no 
limitations in relation to fluid volume, as long as the tanks are appropriate for the vessel and 
arranged at suitable locations of the vessel. As the tanks are open against the medium the 
vessel is floating in, the vessel will be able to utilize this entire medium as fluid supply.

[0031] The stabilization system for a vessel according to the invention includes, as mentioned 
above, a control system for the control of ballast/buoyancy in the tanks. The control system will 
receive information from different sources on the status of the tanks at any time, and 
information on the movements of the vessel. Information on the movements of the vessel can, 
for example, in one embodiment, be provided by a MRU (Motion reference unit) and VRU 
(Vertical reference unit), which provide information on the vertical movements of the vessel or 
similar, i.e. with roll, pitch and draught references. Here it also will be advantageous with, for 
example, gyro stabilization. In the offshore industry, most vessels are provided with a DP 
system. DP - Dynamic Positioning - is basically a method for holding a ship and semi
submersible rigs in the same horizontal position above the sea bed maintaining the same 
direction or maintaining the same position in relation to another vessel or floating structure 
without the use of an anchor, by using the vessel's own propellers and thrusters. The DP 
system includes means for predicting changes before they actually happen, to compensate for 
changes in the environment around the vessel thereby ensuring a steady operation. If a vessel 
is provided with a DP system, the control system according to the invention can utilize the 
information from this on the movements of the vessel.

[0032] A method for active stabilization according to the invention can be summarized in the 
following steps:

1.1. Acquiring information on the movements of the vessel from a MRU and/or a VRU 
and/or a DP system or similar, which provides information on the movements of the 
vessel,

2. 2. Acquiring information on the state in the tanks of the stabilization system,
3. 3. Based on information from the steps 1 and 2, calculating the ratio of filling for the 

different tanks by means of a control system according to the invention, i.e. if vacuum 
and/or pressure is to be supplied, where pressure only is supplied if the level of the tank 
is to be lower than the fluid level in which the vessel is floating,

4. 4. Providing means for controlling vacuum and/or pressure in the tanks with settings 
based on the calculation in step 3,
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5. 5. Supplying pressure and/or vacuum to the tanks by means of means for controlling the 
fluid volume in the tanks, until the means for the status of the tanks respond to the 
control system according to the invention that the desired pressure and/or vacuum is 
achieved,

6. 6. Repeating the steps 1-5.

[0033] Steps 1 and/or 2 can in addition to acquiring information on the movements of the 
vessel also include acquiring information on wave height and frequency, which information is 
acquired by suitable means, such as wave calibration and/or pressure sensors and/or radar 
and/or laser or similar means, which means are preferably arranged along the sides of the 
vessel to provide information on wave height and frequency.

[0034] Wave calibration is based on level tubes, which preferably are arranged in the vertical 
direction along the vessel side. The reference point for the lower part of the level tubes is the 
horizontal trim of the vessel. By arranging a level sensor in each tube, the wave height at the 
reference point can be read out at each tube. To indicate a wave direction movement by this 
principle, a minimum of three sensors must be used. Provided that at least three sensor tubes 
are arranged in each wave frequency, it is possible to read out the wave direction. By 
calibrating and synchronising the levels of each individual sensor between the starboard and 
the port sides and the prow of the vessel, the actual direction of the waves affecting the vessel 
can be obtained at all times.

[0035] This principle can also be used to calculate the changing fluid volume/displacement 
which affects the movement of the hull in relation to the vertical movement of the vessel, such 
as: LCB - longitudinal centre of buoyancy, VCB - vertical centre of buoyancy and LCF - 
longitudinal centre of floatation.

[0036] The stabilization system can also act as a passive stabilization of a vessel provided 
with a stabilization system according to the invention. To perform passive stabilization, the 
means for supplying and removing fluid to and from the tanks include a controllable valve, 
arranged to each tank. As a vessel travels against the tide and a controlled airflow has been 
calculated at the top of the tanks, the tank(s) will be filled depending of the effects of the sea. 
As the vessel then has its maximum filling of the tank(s), it will have its maximum draught at 
that point. As the vessel starts to rise due to the shape of the hull and buoyancy the airflow to 
the tank(s) will close so that the vessel is weighted in such a manner that it is prevented from 
rising. However, this weighting should disperse by the time that the vessel reaches its 
uppermost position. This is achieved by opening the airflow to the tank(s) and the fluid 
disappears immediately.

[0037] If we then look at a tank in the prow of the vessel, the ratio of filling inside the prow 
should follow the level of the sea gets under the effects of the waves, and thus the buoyancy in 
the prow is reduced as the tank is filled with fluid. As the wave outside passes the rear end of
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the prow, the wave will affect the hull for increased buoyancy, but as the wave passes the 
prow, the fluid volume in the prow will reduce the wave buoyancy on the hull behind the prow. 
As the vessel starts to lose buoyancy due to the wave passing the prow of the vessel, it is 
desirable for the fluid volume in the tank in the prow to be reduced, as a result of which the 
vacuum in the tank in the prow is removed and the tank then disperse the fluid which was used 
as counterweight as the wave passed the prow. As the next wave hits the prow of the vessel, 
the tank in the prow is again ready to be filled with fluid, so that the ratio of filling starts to adapt 
to the actual wave height. A method for passive stabilization according to the invention can be 
summarized in the following steps:

1.1. Acquiring information on the movements of the vessel from a MRU and/or a VRU 
and/or a DP system or similar, which provide information on the movements of the 
vessel,

2. 2. Acquiring information on the status of the tanks in the stabilization system,
3. 3. Based on information from the steps 1 and 2, calculating if the tanks should have 

reduced or increased buoyancy,
4. 4. Opening the valve at the desire of buoyancy and/or close the valve at the desire of 

increased buoyancy in the tanks.

[0038] Steps 1 and/or 2, in addition to acquiring information on the movements of the vessel, 
can preferably also include acquiring information on wave height and frequency, which 
information is acquired by means of suitable means, such as pressure sensors, radar and/or 
laser or similar means, as wave calibration, which means preferably are arranged along the 
sides of the vessel to provide information on wave height and frequency.

[0039] By means of the stabilization system and the methods according to the invention, the 
vessel can be provided with ballast and/or buoyancy according to what is desired in relation to 
the coming changes in the environment, either by passive or active stabilization of the vessel, 
or as a combination of active and passive stabilization of the vessel, and in this way 
compensate these changes, especially the vertical movements.

[0040] The vessel and methods according to the invention will be able to work under different 
conditions, for example:

1.1. Reduction of pitch during sailing, which provides a fuel reducing effect, security effect 
for vessel and persons and increased comfort for passengers and sailors,

2. 2. Reduction of pitch and roll, which provides the same advantages as under point 1, 
and secure working onboard or in conjunction with another installation or vessel,

3. 3. Reduction of pitch, roll and control of draught, which provides the same advantages 
as under point 1 and 2, and working with seabed installations,

4. 4. Control of draught, which can be utilized during a difficult approach, or with 
submersible vessels performing operations such as transport, loading/unloading ships, 
which operate at quaysides, where low and high tide levels can complicate
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loading/unloading.

[0041] The stabilization system of the vessel according to the invention will not have any of 
the above-mentioned problems encountered in the prior art systems, because the tanks can 
work independently of each other, which results in a stable system, with few possibilities for 
errors and dangerous situations, such as instability or lack of capacity to provide ballast due to 
the limited fluid volume. Stability can also be provided more rapidly compared with existing 
systems, as traditional pumps will not be able to provide the same capacity as the system 
according to the invention.

[0042] The stabilization system will further result in that the vessel will be able to withstand 
adverse weather and wave conditions, as the vessel can compensate the effects of 
environmental changes, such as wave forces to a greater extent than earlier. The total volume 
intended for active stabilization can be used to increase the buoyancy of the vessel during 
extreme wave and/or load conditions. Even though the vessel lies normally low in the water in 
loaded conditions, this can be changed by using the buoyancy volume it has available by not 
using the tanks with fluid. This will result in reduced energy costs, as the vessel will be better 
able to withstand the effects of the waves and thus be able to maintain its position better than 
what is possible by only using propellers and thrusters. In this way, the vessel will be able to 
reduce energy consumption by a lesser use of thrusters and propellers.

[0043] Where a vessel is provided with a DP system, it receives signals from satellites 
regarding on its actual position through antennae high above the turning point of the vessel, 
and for the roll and pitch of the vessel, this position will change by several metres in relation to 
the vessel's actual position. If the vessel tilts over to the starboard side, the position of the 
vessel will show a number of metres to starboard, corresponding to the difference in length 
between the centre point of the vessel's turning point and vertically up to the receiver antenna. 
The propellers and/or thrusters will then try to prevent this change in position and displace the 
vessel by the corresponding distance in metres to the port side. If this movement occurs on a 
regular basis, the DP system can compensate for it through its "learning function". The DP 
system usually uses circa 20 minutes for each positioning to establish a pattern for changes in 
wind, waves, current, etc. If the vessel is provided with a stabilization system according to the 
invention, this margin of error can be reduced considerably. Another advantage with the 
invention, which does not receive much attention in the further description, is that the 
stabilization system according to the invention has the possibility of varying the DP learning 
pattern. In one situation active stabilization is used and the DP learning system thinks that the 
waves, current and wind are according to this, and in the next situation the system is turned off 
and the waves appear different against the vessel. The DP system will thus be able to more 
rapidly update changes by acquiring information from the different sensors in the stabilization 
system in the present invention, so that rapid changes in weather and/or operating conditions 
can be rapidly and precisely updated.
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[0044] In addition to the above description, the present invention can serve to change the 
draught of the vessel instead of vessels having to operate on shallow water with always a too 
small draught.

[0045] NOx emissions can also be radically reduced with an active and passive stabilization 
according to the invention. Where a vessel is subject to movements, this is particularly affected 
by the diesel engines, where changes of the diesel output constantly change the handling of 
load, to which the vessel is exposed. The greater the changes in the resistance in this activity, 
the poorer the combustion obtained in a diesel engine. This can also be compared with the 
reduction of a maximum speed of, for example, 15 to 14 knots, making the final sailing 
distance covered at almost the same time, but at a significant economic gain.

[0046] The present invention also ensures increased stability in comparison to that of existing 
vessels. From known accidents in shipping, it is known that the displacement of ballast has not 
been carried out due to, for example, power failure. If the vessels had been provided with a 
stabilization system according to the invention, nothing would have affected the vessel in a 
power failure situation, as the load in the stabilization tanks only would have flowed out. If the 
stabilization system in addition was provided with an emergency backup system, this could 
operate the valves to achieve stabilization even though a power failure occurs.

[0047] Also cruise ships will benefit greatly from the invention, as they can use the stabilization 
system to reduce pitch during sailing, which will result in lower fuel consumption and better 
comfort for passengers with regard to seasickness. This may also reduce the delay of the 
sailing and prevent parts of the route from being shortened.

[0048] If the stabilization system is used on icebreakers, which have a specially formed hull to 
break ice, which results in poorer sailing properties than for common ships, this will ensure that 
icebreaker vessels are provided with better stability conditions during sailing. Instead of having 
a large amount of ballast water for pumping ballast from the stern to the prow of a vessel, the 
vessel can have a normally designed stern, and take in sea water at the stern and the prow I 
by means of vacuum instead of pumps. Instead of transferring fluid from the stern to the prow 
of the vessel, the vessel will still have the total ballast weight, but by taking in and out weight 
directly from the sea, the weight will change rapidly. The vessel can be relatively light at 
climbing on the ice, and rapidly increase the weight if there are problems breaking the ice.

[0049] By means of the invention all vessels, where manual tasks are carried out, would be 
able to achieve better stability, which results in less vertical movement, which results in turn in 
better working conditions and thus also fewer accidents.

[0050] By means of the invention there will be less need for heave compensation of cranes 
and rigs, because the vessels will have less vertical movement than that achieved with prior art 
technology, something resulting in more rapid and precise operation at sea.

[0051] The above described examples show that the area of use is large and the possibilities
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for a stabilization system according to the invention are many. In the community today, where it 
is a huge focus on the environment, it will be appreciated that all vessels using the present 
invention will save fuel and thus have lower emissions.

[0052] It is obvious that all vessels must have the theoretical stability requirements that apply 
today, and that the present invention applies in addition to this.

[0053] It is further obvious that the stabilization system can be manual and/or automatic, and 
that there will be possibilities of setting the trim as desired. In some cases it will be sufficient for 
the vessel to have only filled stability tanks to increase the total weight of the vessel. If the 
vessel is not sailing, this can be sufficient for some tasks. Draught and weight of the vessel can 
be adjusted to the most profitable operating situation for each situation, and can rapidly be 
changed. In a sailing situation today, it often happens that the vessels take on extra ballast 
during bad sailing weather, but even if the weather improves, the sailing continues with the 
same ballast as during bad weather.

[0054] Further details will appear from the following description.

Example

[0055] The invention will in the following be described in detail with references to the 
drawings, where:

Figures 1a and b show an example of a vessel in one state, seen in cross-section from the 
side and above, respectively,

Figures 2a and b show the vessel in Figures 1 a and 1 b in another state,

Figure 3 is a cross-sectional view of the vessel in Figures 1a-b and 2a-b, through a middle 
section of the vessel in Figures 1a-b and 2a-b, in a third state,

Figures 4a-b show a vessel provided with a sensor means at the vessel side,

Figures 5a and b show an example of how the stabilization system can utilize a separate wave, 
and

Figures 6a and b show an example of the use of a fixed propeller in the opening of the tank.

[0056] Figures 1a and 1b show an example of a vessel 10 provided with a stabilization system 
according to the invention. The stabilization system includes, for example, four tanks 11 a-d, 
which tanks are arranged at suitable locations in the vessel 10, where, as an example, one 
tank 11 a is arranged in the front of the vessel 10, two tanks 11 b and 11 c are arranged at each 
side, near the middle of the vessel 10, and one tank 11d is arranged at the rear of the vessel
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10. In this way the vessel, by means of the tanks 11 a-d, will be able to counteract the effects of 
the environment, such as waves hitting the vessel alongside or abeam, or combinations of this.

[0057] Each tank 11 a-d is adapted to the actual vessel 10, as regards size (volume), shape 
and height above the fluid level in which the vessel is floating, such as the sea level, which 
tanks are provided with openings 12a-d at the bottom. The openings 12a-d are large enough 
for a sufficient volume of fluid to pass without cavitation or other resistance in the openings of 
the tanks.

[0058] There will be a limitation of approximately 8 metres height of the fluid in the tanks 11 a- 
d, due to the physical laws for vacuum in fluids, and for preventing the vacuum from 
evaporating the fluid instead of providing elevation. The higher the vacuum that will be 
necessary in the tanks, the less favourable it will be as regards economics/energy. The larger 
the surface the tanks 11 a-d have, the less need for energy is required to achieve a high filling. 
As regards a vessel, a tank in the front of the vessel will in any case be higher than a tank in 
the middle of the vessel, this is because when sailing the waves affect changes at the front of 
the vessel more than in the middle of the vessel.

[0059] The location of the tanks 11 a-d will be dependent of which vessel 10 it is, and the 
properties which are desired for the vessel 10. The tanks 11 a-d, which are to be operated to 
avoid pitch and roll, are most effective the further out in the outer points of the hull they are 
arranged, while the tanks 11 a-d which are to be operated to control the draught of the vessel, 
are most favourably arranged in the centre of the vessel 10.

[0060] The further down in the vessel the openings 12a-d are arranged, the more stable will 
be the control of the vacuum/pressure in the tanks 11 a-d.

[0061] Further, the tanks 11a-d are provided with means 13a-d to control the volume of fluid 
in the tanks, which means 13a-d preferably are vacuum compressors or similar, which means 
13a-d are used to control the pressure/vacuum of the fluid surface, and in this way to lower or 
elevate the fluid level to provide buoyancy, respectively ballast, in the tanks 11 a-d for the 
vessel in different positions. The means 13a-d are preferably arranged outside the tanks 11a- 
d, for easy maintenance. The tanks 11 a-d may also be emptied of fluid by supplying 
atmospheric pressure to the upper part of the tanks 11 a-d, if the situation so permits and in this 
way there is no need for input power to empty the tanks 11 a-d.

[0062] To control the stabilization system and to provide information on the state of the tanks 
11 a-d, the tanks 11 a-d are further provided with measuring means (not shown), such as 
pressure sensors/meters, floats, pressure pulses or similar to provide information on the status 
of the tanks 11 a-d to a control system.

[0063] The stabilization system further includes, as mentioned, a control system, which is 
provided with software/algorithms and/or programmed for controlling the means 13a-d for 
controlling the fluid level in the tanks 11 a-d, in relation to the future movements of the vessel
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10, especially the vertical movement, which can be divided into roll, pitch and draught.

[0064] The control system will receive information from the means informing on the state in 
the tanks at any time, and information on the movements of the vessel. Information on the 
movements of the vessel can, in one embodiment, be provided from a MRU (Motion Reference 
Unit) and a VRU (Vertical Reference Unit), preferably with gyro stabilization, or similar means 
providing information on vertical movements of the vessel. If the vessel is equipped with a DP 
system, the control system can be provided with direct input from this.

[0065] In addition the vessel is preferably provided with sensor means 14 (see Figures 4a and 
4b), such as pressure sensors, radar and/or laser and/or wave calibration or similar means, 
which means 14 preferably are arranged along the sides of the vessel to provide information 
on wave height and frequency. In the example shown, the means 14 are in the form of wave 
calibration. Wave calibration is based on level tubes, which preferably are arranged vertically 
along the vessel side. The reference point at the lower part of the level tubes is the horizontal 
trim of the vessel. By arranging a level sensor in each tube, the wave height in can be read out 
at this point at each tube. To indicate a wave direction movement by this principle, a minimum 
of three sensors must be used. Provided that there is a minimum of three sensor tubes in each 
wave frequency, it will be possible to read off the wave direction. By calibrating and 
synchronizing the level of each sensor between the starboard side, the port side and the front 
of the vessel, the actual direction of the wave affecting the vessel at any time can be 
determined at any time. This principle can also be used to calculate the changing fluid 
volume/displacement which affects the hull movement in relation to the vertical movements of 
the vessel, such as: LCB - longitudinal centre of buoyancy, VCB - vertical centre of buoyancy 
and LCF - longitudinal centre of floatation.

[0066] In this way the control system can be provided with information to provide a picture of 
wave frequency, the direction of the wave and the total changing buoyancy produced by the 
wave. The information provides opportunities to predict the influence of the wave before the 
vessel starts to respond.

[0067] The information from the sensor means 14 are preferably monitored by a separate unit 
15, which arranges the information for the control means.

[0068] The control system processes the information received and then calculates the settings 
for the means 13a-d, which then sets the right pressure and/or vacuum in the actual tanks 11 a- 
d.

[0069] A vessel 10 provided with a stabilization system according to the invention will be better 
able to counteract the influence of the environment around the vessel, such as waves and 
other external factors affecting the vessel. The vessel will also be better able to maintain its 
position than purely by the use of propellers and thrusters, which are common for present 
vessels. It will also result in reduced energy costs, as a stabilization system like this requires 
fewer resources than for the use of thrusters and propellers, as the vessel, to a lesser extent,
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will be affected by the environment around the vessel, such as waves. It is, for example, for 
offshore vessels provided with a DP system, the DP system which maintains the vessel in 
position, while the stabilization system according to the invention counteracts the effects from 
the environment on the vessel, such as the effects of waves, which mainly are related to 
vertical movements.

[0070] Figures 1a-b illustrate an example of how a wave hits a vessel 10 lying in position, 
alongside in the bow with a force F. E.g., the vessel lies in position in relation to another vessel 
or another offshore installation (not shown). From, for example, the calculations of the DP 
system of the vessel movements or information from a MRU and a VRU, and information from 
measuring means in the tanks and sensor means along the vessel sides, the control system 
according to the invention calculates the ratio of filling in the different tanks 11 a-d, which is 
necessary for the vessel to be affected as little as possible by this wave. This results, in this 
example, in that the control system, on the basis of given parameters, sends control signals to 
the means 13a-d about the ratio of filling for the different tanks 11 a-d. To withstand the 
buoyancy provided by the wave, the tanks 11a-c are, for example, filled 100 %, while the tank 
11 d, at the stern end of the vessel 10, will not be affected to the same extent of the wave and 
is only filled to 10 %. The stabilization system can thus provide the necessary ballast in the 
front of the vessel to maintain the vessel 10 in a vertical position, i.e., for example, maintaining 
the same direction, the same distance to the seabed or the same distance in relation to the 
offshore installation. As an illustrating example, we can consider that a vessel 10 must have a

tank 11a in the front of the vessel containing 200 m3 ballast to compensate for the changes in 

the buoyancy in the front of the vessel with waves of 3 metres, as illustrated in Figures 1 a-b.

[0071] If the wave frequency in a given example is 10 seconds, this will result in that the tank

11a, for example, must be filled with 200 m3 in 10 seconds, which results in that the fluid level 
in the tank 11a, for example, must be elevated by 4 metres in relation to the fluid level 100 in 
which the vessel is floating, i.e. the sea level. This can according to the invention be performed 
rapidly by using a vacuum compressor 13a arranged in connection with the tank 11a, as 
described above. The vacuum compressor 13a provides a negative pressure at the upper part 
of the tank 11, resulting in fluid being sucked in through the openings 12a into the tank 11a to 
balance the pressure.

[0072] A vacuum compressor which, for example, is operated by a 200 kW motor will be able 
to do this. By way of comparison, a traditional sea water pump, such as an Anti heeling pump,

will need a capacity of ca. 72 000 m3/hour to supply the same volume. To operate such a 

pump, a motor of ca. 3850 kW would be required. This shows that large savings in energy 
consumption can be made here, and that it will not be possible to achieve a similar system as 
the invention by the use of prior art technology. In addition there are also problems with pumps 
which are to operate in sea water, as there could be corrosion problems for pumps, as sea 
water is a corrosive medium, and water must be continuously pumped in or out of the tank 
which must in this case be closed at the bottom. It also means that this fluid volume reduces 
the load-carrying ability of the vessel.
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[0073] Open ballast tanks will, by definition, also reduce the total dead weight, provided that 
there is not a valve at the bottom of the tank which can be closed. Many considerations, on the 
other hand, show that it would be favourable to provide the tanks with means for closing the 
opening at the bottom. Even though a ballast tank, which is open at the bottom, and with 
double securing at the top of the tanks to prevent the air in the tank from escaping will 
theoretically maintain the buoyancy as if the tank had a valve at the bottom. By incorporating a 
means for closing, such as a valve or similar, at the bottom of the tank, it will be possible, when 
not using active stabilization, to close the valve and use the vessel as usual. Even though, by 
experience, it is known that such a valve will leak, a stop valve can be used on the compressor 
tube which is connected to the tank. The air will then be held in the top of the tank so that the 
water only can compress the air in the tank, and the buoyancy will be the same as if the tank 
was closed in the bottom. (By incorporating air tubes into all bottom tanks on existing vessels, 
this can contribute to preventing vessels which sail in shallow water from becoming grounded 
and damaging the ballast tanks.)

[0074] As the wave in the example passes along the vessel, the need to change the 
buoyancy/ballast in the different tanks 11a-d to counteract the influence of the wave changes. 
Figures 2a and 2b illustrate a situation in which the top of the wave is passing the stern end of 
the vessel. From the calculations of the DP system of the future movements of the vessel, 
and/or information from a MRU and a VRU, and information from the measuring means in the 
tanks and sensor means arranged along the vessel sides, the control system according to the 
invention calculates the ratio of filling in the different tanks 11a-d which is necessary for the 
vessel to be affected as little as possible by the wave, in the situation described. The result of 
this is that the control system based on given parameters send control signals to the means 
13a-d about the ratio of filling of the tanks 11a-d. As the vessel 10 here is affected the most by 
the wave at the stern end of the vessel, tank 11 d in the stern end of the vessel is filled 100 %, 
while the tanks 11 b-c near the middle of the vessel are filled with 75 % and the tank 11 a in the 
front of the vessel is filled 10 %. In his way the stabilization system according to the invention 
can counteract the forces from the wave affecting the vessel, and maintain the vessel 10 in a 
stable vertical position, i.e. maintaining the same direction, the same distance from the seabed 
and maintaining the same distance in relation to the offshore installation. If the tank 11d has 
the same parameters as where used for tank 11a, the same calculations as for tank 11a will 
provide the same result for tank 11 d. Similar calculations may as well be performed for the two 
tanks near to the middle of the vessel.

[0075] As the tanks 11a-c here shall reduce their fluid volume in relation to the situation in Fig. 
1a-b, pressure must be supplied above the fluid surface in the tanks 11a-c. If the openings 
12a-c in the tanks 11a-c are large enough to empty the tanks within 10 seconds, as was the 
wave frequency in the example above, atmospheric pressure can be used. In this way no 
power will be needed to empty the tanks. In this way, the power consumption in the given 
example will only be the half of the power consumption of the vacuum compressor within a 
period for the tanks 11a and 11 d, while it will be substantially less for the tanks 11b and 11c, in 
a given period where the vessel lies in position in relation to a offshore installation with uniform 
environmental conditions. If there is need for changes which resulting in a need for buoyancy
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in one of the tanks, the vacuum compressor can add extra pressure in the tanks and thus 
contribute to increased buoyancy in the tanks. As mentioned above the tanks can be provided 
with means for closing the openings of the tanks if required.

[0076] Referring now to Figure 3, this is a cross-section through the middle section and the 
middle of tanks 11b and 11c of a vessel provided with a stabilization system according to the 
invention. In this case, illustrated is an example which shows a wave hitting the vessel 10 
abeam with a force F. The stabilization system according to the invention will here fill the tank 
11b, which lies closest to the strike side of the wave, entirely, providing the vessel 10 with 
ballast on port side and thus counteracting the forces from the wave and preventing tilting. In 
this way the vessel maintains an approximately horizontal position. As the wave passes over to 
the starboard side and provides total buoyancy on the hull, the total ratio of filling for tank 11b 
and 11c must be changed, and tank 11c must thus be filled and tank 11b emptied to counteract 
the forces from the wave.

[0077] Figures 5a and b illustrate that the stabilization system according to the invention is 
energy saving. The stabilization system according to the invention can utilize a separate wave 
striking, for example, tank 11a, as shown in Figures 5a-b. The vacuum compressor 13a or an 
exhaust valve 13a can make the tank 11a without pressure at entering the wave and the fluid 
flows freely into the tank 11a. The tank 11a thus results in no buoyancy due to the wave 
striking the first area of the vessel, while the height of the wave will determine the ratio of filling 
of fluid in the tank 11a. As the wave continues further to the back, towards the hull, the wave 
will affect the buoyancy of the vessel. The vacuum compressor 13a then receives a signal to 
increase the vacuum in the tank 11a, which thereby provides the tank 11a with the desired fluid 
weight to reduce the buoyancy of the passing wave. This is illustrated in Figure 5b, which 
shows the tank 11a being gradually filled with ballast due to the wave (grey scale) and further 
ballast supplied by the vacuum compressor 13a is shown as shaded area in the tank 11a.

[0078] A method for active stabilization of a vessel provided with a stabilization system 
according to the invention will now be described in more detail.

[0079] A method for active stabilization of a vessel includes the following steps:

1.1. Acquiring information on the movements of the vessel from a MRU (Motion Reference 
Unit) and/or a VRU (Vertical Reference Unit) and/or a DP system or similar,

2. 2. Acquiring information on the state of the tanks of the stabilization system,
3. 3. Based on information from the steps 1 and 2, calculating the ratio of filling for the 

different tanks by means of a control system according to the invention, i.e. if vacuum or 
pressure is to be supplied, where pressure only is supplied if the level of the tank is to be 
lower than the fluid level in which the vessel is floating,

4. 4. Providing means for controlling vacuum and pressure in the tanks with settings based 
on the calculation in step 3,

5. 5. Supplying pressure or vacuum to the tanks by means of means for controlling the fluid 
volume in the tanks, until means for information on the status of the tanks responds to
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the control system according to the invention that the desired pressure or vacuum is 
achieved,

6. 6. Repeating the steps 1-5.

[0080] Step 1 includes acquiring information from a MRU (Motion Reference Unit) and a VRU 
(Vertical Reference Unit), a DP system or similar, which information includes information on the 
movements of the vessel, and/or information on wave height and frequency by means of 
suitable means, such as wave calibration. By means of this information, the vessel can be 
controlled to counteract these expected changes. A DP system is as mentioned mainly 
incorporated for controlling the propellers and thrusters of the vessel, but by means of the 
stabilization system according to the invention, the information on the movements of the vessel 
can be used for active and passive stabilization of the vessel, by supplying ballast or buoyancy 
to the vessel through adapted tanks arranged at adapted locations. This will provide entirely 
new possibilities for controlling the vessel.

[0081] As today there exist laws and rules for wind and sea movements, which set boundaries 
for when it is acceptable to carry out work on a vessel together with other vessels/installations, 
the invention will result in the vertical movements of the vessel being less affected by waves 
and wind, and that the vessels being able to work during poorer conditions and still be inside 
the statutory boundaries regarding waves and wind, which means that vessels would have less 
time to wait for calmer weather, before continuing with the work at hand.

[0082] Landing helicopters can also have an increasing movement problem, and the present 
invention can make a significant contribution to solving this problem.

[0083] Step 2 includes acquiring information on the state of the tanks of the stabilization 
system, which is a premise for the control system according to the invention to know if 
pressure or vacuum is to be supplied to the tanks.

[0084] The steps 1 and/or 2 can, in addition to acquiring information on the movements of the 
vessel, also include acquiring information on wave height and frequency, which information 
makes it possible for the control system to form a picture of wave frequency, direction of the 
wave and the total changing buoyancy provided by the wave. This is preferably performed by 
means of sensor means, such as pressure sensors, radar and/or laser and/or wave calibration 
or similar means, preferably arranged along the sides of the vessel.

[0085] Step 3 includes the calculation of the ratio of filling in the tanks based on the 
information acquired in steps 1-2, and predefined parameters. The ratio of filling is controlled 
by supplying vacuum and/or pressure in the tanks. If a tank is to be provided with ballast, the 
control system will calculate how much vacuum is needed to achieve the desired ballast and 
thereby fill the tank with fluid. If a tank is to be provided with buoyancy, the system will calculate 
how much pressure is needed for supplying the tank to achieve the desired buoyancy.
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[0086] The control system according to the invention will in advance be provided with 
predefined parameters for the properties of the vessel and the properties of the stabilization 
system. Different vessels will have different properties, different tanks, different capacity for 
vacuum compressors, etc., and the control system thus includes parameters so that the 
desired behaviour and properties are achieved for the vessel. The control system also includes 
security margins and other security instructions which have to be followed if a critical situation 
occurs. The control system is also provided with possibilities for manually changing the 
parameters, so that the vessel can be provided with desired properties in relation to the 
desired behaviour. The stabilization system can also be provided with special means for critical 
situations, such as the tanks being provided with a throttle at the top, which rapidly evacuates 
the vacuum in the tank and the fluid will thus flow out. It will also in many conditions be relevant 
to have an extra standby compressor for each tank, which will take over if something should 
happen with the compressor.

[0087] The stabilization system can also be arranged so that, for example, if the draught 
movement is critical for the vessel during an operation, the stabilization system will be 
arranged to compensate additionally for this if a critical situation occurs. This is similar to 
sailing in shallow waters as described above.

[0088] Steps 4 and 5 include providing the means for controlling vacuum and pressure in the 
tanks with settings to achieve the desired ballast or buoyancy in the tanks. Pressure or vacuum 
is supplied to the tanks until means for information on the state in the tanks respond to the 
control system that the desired vacuum or pressure is achieved.

[0089] Step 6 includes repeating the steps 1-5. As the situation of the vessel and the 
environment continuously change, the stabilization system according to the invention must also 
continuously change, so that the vessel exhibits the desired behaviour. The stabilization 
system according to the invention thus provides a closed loop control, which is self correcting.

[0090] The stabilization system can also function as passive stabilization for a vessel provided 
with a stabilization system according to the invention. When a vessel travels into the tide, and a 
controlled airing at the top of the tanks has been calculated, the tanks will be filled according to 
the height of the sea. As the vessel then has the greatest filling in the tanks, it will have the 
greatest draught at the point in question. As the vessel starts to rise due to the shape of the 
hull and the buoyancy behind tank 11a, the airflow to the tank is closed, so that the vessel is 
weighted in such a way that it will be prevented from rising, but this weighting will be dispersed 
by the time the vessel reaches its uppermost movement by opening the airflow of the tank so 
that the fluid flows out immediately. That is to say that use is made of both the static movement 
the vessel gets due to the wave and variations of the level of the wave outside the hull. This 
change between reducing the buoyancy and fluid flowing freely into the tank, and in the next 
moment the free fluid which has flowed into the tank is retained as ballast. In this way, the 
passive stabilization will work in the same way as a shock absorber on a car. The opening ratio 
of the airflow will naturally be controlled and automated by the control system, so that the 
control system finds the best opening ratio to prevent excessive wear on the mechanical parts
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of the stabilization system.

[0091] When the stabilization system according to the invention is to be used as a passive 
stabilization system, use can be made of the information which already is present at active 
stabilization, to operate a valve at the top of the tanks, instead of controlling a vacuum 
compressor. A closed valve corresponds to maximum power of the compressor and an open 
valve corresponds to minimum power of the compressor.

[0092] A method for passive stabilization according to the invention can be summarized in the 
following steps:

1.1. Acquiring information on the movements of the vessel from a MRU and/or a VRU 
and/or a DP system or similar, which provides information on the movements of the 
vessel,

2. 2. Acquiring information on the state in the tanks of the stabilization system,
3. 3. Based on information from the steps 1 and 2, calculating if the tanks should have 

ballast or increased buoyancy,
4. 4. Providing means for controlling the fluid amount in the tanks with settings to open as it 

is required to reduce buoyancy in tanks and/or to close these as required to increase 
buoyancy in the tanks,

5. 5. Continuously repeating the steps 1-4.

[0093] The steps 1 and/or 2 can also here, in addition to acquiring information on the 
movements of the vessel, preferably also include acquiring information on wave height and 
frequency, which information is acquired by suitable means, such as pressure sensors, radar 
and/or laser and/or wave calibration or similar means, which means preferably are arranged 
along the sides of the vessel to provide information on wave height and frequency.

[0094] If the information is not present, the valve must be adjusted manually for the best 
possible effect by trial and experience, in the same way as is done in an anti rolling stabilization 
tank, which is filled up according to experience and conditions. For an adjustable shock 
absorber on a car, the nozzle opening changes size, and in the same manner a valve can be 
adjusted for the best possible effect for the pitch of the vessel.

Modifications

[0095] The tank according to the invention can have a different shape, size and height, and 
must be adapted to each vessel. In addition each vessel will have a desired behaviour and 
properties, which stabilization system according to the invention must be adapted for the 
achievement of the desired behaviour and properties.
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[0096] Means for controlling the buoyancy and ballast in the tanks are preferably vacuum 
compressors/pumps, but the tanks can also be filled by using, for example, a horizontal side 
propeller arranged in the lower part of the tank, which is the opening of the tank.

[0097] To use a horizontal side propeller at the bottom of the tank is considered less 
favourable even though the supply capacity may be possible:

1. 1. The propeller must operate under water,
2. 2. The vessel must go to dock for operations,
3. 3. Possibilities for leakage and contaminations,
4. 4. Greater maintenance costs,
5. 5. Dependent on service crew for maintenance,
6. 6. Greater investment costs,
7. 7. More expensive installation.

[0098] Referring now to Figures 6a-b, which show an example of this. A horizontal propeller 
arranged in the openings 12a-d of the ballast tanks 11a-d (only shown for tank 11a), which 
propeller 20 can be a similar to the side propeller principle with adjustable pitch of the propeller 
blades. The propeller blades can be controlled for possible filling or emptying the tanks 11a-d. 
The propeller blades can be formed so that if they are operated to a zero condition, they close 
the opening of the tank. A retractable Azimuth propeller 21 can also be used in a situation as 
described above. With a retracted Azimuth propeller 21, which is not used for manoeuvring 
operations, it can be tilted so that the propeller nozzle becomes a joint with the tank opening in 
the bottom of tank 11a-d. This can then be used for filling and emptying fluid from the tanks 
11a-d. Figure 6a shows a fixed propeller in the opening of the tank 11a, while Figure 6b shows 
a retractable Azimuth 21 in a lower position M for manoeuvring use, and in a retracted position 
O for filling and emptying the tank 11 a.

[0099] At their openings, the tanks can be provided with means for closing the tanks, for 
example, to provide buoyancy.

[0100] A vertical side propeller at the bottom of the tank can also be used to close the tank by 
that it includes specially shaped propeller blades and hub, which results in that if its pitch are 
operated in a special zone, an entirely closed construction is achieved, almost as a valve.

[0101] It will also be possible to use a hydraulic valve for this purpose, e.g. by designing a 
hydraulic valve shaped as a propeller.

[0102] A "Vross", which is a submersible propeller, can in standby mode (open position), be 
arranged to cover exactly an opening in the bottom of the stabilization tank, and in this way it 
can ensure the changing of the fluid amount in the stabilization tank. This can replace the 
vacuum compressors or be used in addition to the vacuum compressors.
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[0103] The existing compressors in the present stabilization system can also be used to 
secure all ballast tanks with air supply. In the event of possible accidents, which result in 
damage in the hull or sides of the vessel, the compressors can supply sufficient air to the 
damaged tank to maintain the original buoyancy in the tank, so that the vessel is prevented 
from tilting and possibly sinking. The damaged tank must be arranged with a stop valve to the 
tanks conventional airflow.

[0104] Vessels provided with brine, mud and cement tanks can use these as buffer tanks for 
vacuum and air pressure to prevent rapid changes of the compressor load.

[0105] Vacuum compressors can also be used to transport cooling water from sea chests and 
via the cooler of the vessel. In this way there is no need for the use of traditional seawater 
pumps.

[0106] A vacuum compressor can be used instead of traditional drainage pumps and oil/water 
separators.

[0107] A cylindrical tank which can withstand vacuum and pressure loads can be connected to 
a vacuum compressor, which has pipe connections to the bilge pumps of the vessel. At 
negative pressure, this can be used instead of present drainage pumps. Under closed valves 
to the bilge pump, the vacuum compressor will evaporate the water from the contaminated 
bilge water and lead the pure water vapour out to the atmosphere. After the removal of water 
from the contaminated bilge water, the vacuum in the tank is reversed to an over-pressure and 
the valve is opened to empty the tank into a sludge tank. In this way, by means of the present 
invention, the oil/water separator which is extremely difficult to get to work satisfactorily 
according to the new regulations for pumping bilge water overboard, which is at maximum 5 
ppm, can be removed.

[0108] It should be mentioned that the above latter modifications can only be performed when 
the vacuum compressor has sufficient free capacity.
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Patentkrav

1. Fartøj (10) med mindst ét skrog, hvilket fartøj (10) er forsynet med et stabiliserings system, 

hvor stabiliserings systemet indbefatter en flerhed af separate tanke (1 la-d), der er uafhængige 

af hinanden og placeret inde i fartøjet (10) for at tilvejebringe opdrift og/eller ballast for 

fartøjet (10), hvilke separate tanke (lla-d) er forsynet med åbninger (12a-d) i bunden deraf 

strækkende sig gennem åbninger i skroget, således at åbningerne (12a-d) vender mod det 

medium, som fartøjet (10) flyder i, hvor:

- de separate tanke (lla-d) strækker sig fra åbningerne (12a-d) i fartøjets (10) skrog, 

og de separate tanke (lla-d) er således indrettet, at de har en tilstrækkelig højde over 

et væskeniveau, som fartøjet flyder i, når fartøjet (10) flyder under normale forhold 

uden ballast, for at tilvejebringe et styrbart væskevolumen til at modvirke eksterne 

kræfter, der påvirker fartøjets (10) vertikale bevægelser ved rulning, duvning eller 

dybgang, eller en kombination heraf,

- stabiliserings systemet endvidere indbefatter mindst én vakuum-Ærykkompressor 

(13a-d) anbragt ved en øvre del af hver af de separate tanke (lla-d) til styring af 

væskevolumen i den forbundne tank (1 la-d) ved tilførsel til eller fjernelse af væske fra 

de separate tanke (1 la-d) ved at styre trykket over væskeoverfladen i den forbundne 

tank (lla-d), og

- stabiliserings systemet endvidere indbefatter et styresystem, der er forsynet med 

software/algoritmer og/eller er programmeret til styring af vakuum-Ærykkompressorer 

(13a-d) til styring af væskevolumen i de separate tanke (lla-d) ved at sænke trykket 

på væskeoverfladen i den forbundne tank (lla-d) til et tryk, der er lavere end 

atmosfærisk tryk ved havoverfladen for at tilvejebringe vakuum for at hæve 

væskeniveau for at forsyne fartøjet (10) med ballast til kompensation for eksterne 

kræfter, der påvirker fartøjets (10) vertikale bevægelser ved rulning, duvning eller 

dybgang, eller en kombination heraf, eller øge trykket på væskeoverfladen i den 

forbundne tank (1 la-d) til et tryk, der er højere end atmosfærisk tryk ved

havoverfladen på væskeoverfladen for at sænke væskeniveau i de separate tanke (11a-

d) for at give fartøjet (10) med opdrift til kompensation for eksterne kræfter, der 

påvirket fartøjets (10) vertikale bevægelser ved rulning, duvning eller dybgang, eller 

en kombination heraf, hvor væskeniveau og dermed væskevolumen i den forbundne 

tank (lla-d) svarer til trykket i vakuum-Ærykkompressoren (13a-d).
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2. Fartøj ifølge krav 1, kendetegnet ved, at stabiliseringssystemet endvidere indbefatter en 

styrbar ventil, anbragt ved hver tank (1 la-d), for tilvejebringelse af en styret luftstrøm i 

forhold til atmosfærisk tryk over væskeoverfladen i den forbundne tank (1 la-d) for at 

reducere eksisterende lavt eller højt tryk i den forbundne tank (1 la-d) og øge eller reducere 

væskevolumenet i den forbundne tank (1 la-d).

3. Fartøj ifølge krav 1, kendetegnet ved, at stabiliseringssystemet endvidere indbefatter 

midler, såsom trykfølere/målere, flydere og/eller trykimpulser, til at tilvejebringe 

informationer om tilstanden i de forbundne separate tanke (1 la-d).

4. Fartøj ifølge krav 1, kendetegnet ved, at stabiliseringssystemet endvidere indbefatter 

midler til at finde informationer om fartøjets bevægelser, såsom en MRU, Motion Reference 

Unit, og/eller en VRU, Vertical Reference Unit, og/eller et dynamisk positioneringssystem, 

der tilvejebringer informationer om fartøjets bevægelser (10), primært de vertikale 

bevægelser.

5. Fartøj ifølge krav 1, kendetegnet ved, at stabiliseringssystemet endvidere indbefatter 

sensormidler (14), såsom trykfølere og/eller radar og/eller laser og/eller bølgekalibrering, 

hvilke midler (14) er placereret langs siderne af fartøjet for at tilvejebringe informationer om 

bølgehøjde og frekvens.

6. Fartøj ifølge krav 4 eller 5, kendetegnet ved, at stabiliseringssystemet indbefatter midler 

til at forudse fartøjets bevægelser baseret på informationer om fartøjets bevægelser og/eller 

sensormidleme (14) for at modvirke bølgebevægelserne, inden fartøjet påvirkes af bølgen.

7. Fartøj ifølge krav 1, kendetegnet ved, at stabiliseringssystemet endvidere indbefatter et 

styresystem til at styre væskevolumen i de separate uafhængige styrbare tanke (1 la-d), ved 

tilvejebringelse af negativt tryk i de uafhængige styrbare tanke (1 la-d) for ballast eller 

positivt tryk for opdrift.

8. Fartøj ifølge krav 1, kendetegnet ved, at de separate uafhængige styrbare tanke (lla-d) er 

tilpasset til fartøjet (10) med hensyn til dimension og form til det tilgængelige rum i fartøjet 

(10), og er placeret tæt på fartøjets (10) stævn, agter og/eller midtskibsdele for at forsyne
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fartøjet (10) med de ønskede egenskaber.

9. Fartøj ifølge krav 1-7, kendetegnet ved, at styresystemet er indrettet til at beregne aktuel 

ballast og/eller opdrift for de forskellige separate tanke (lla-d), baseret på input fra midler til 

at finde/forudsige fartøjets bevægelser, og/eller midler til informationer om tilstanden i de 

separate tanke (lla-d), og/eller sensormidler (14) for informationer om bølgehøjde og 

frekvens, og/eller givne foruddefinerede parametre for skibets adfærd, og forsyne de separate 

tankes (lla-d) vakuum-Ærykkompressorer (13a-d) med indstillinger.

10. Fartøj ifølge krav 1, kendetegnet ved, at stabiliserings systemet er manuelt eller 

automatisk.

11. Fartøj ifølge krav 1, kendetegnet ved, at stabiliserings systemet endvidere indbefatter 

separate uafhængige styrbare midler, såsom ventiler, spjæld eller specielt udformede propeller 

(20, 21), anbragt ved åbningerne (12a-d) af de separate tanke (lla-d), til at lukke åbningerne 

og/eller tilføre væske til de forbundne separate tanke (lla-d).

12. Fartøj ifølge krav 1, kendetegnet ved, at vakuum-Ærykkompres sorer (13a-d) er indrettet 

til at:

- forsyne bundtanke af et fartøj med lufttilførsel, eller

- transportere kølevand fra et fartøjs søkasse og via fartøjets kølere, eller

- fordampe vand fra kontamineret lastvand og uddrive ren vanddamp til atmosfæren.

13. Fremgangsmåde til aktiv stabilisering af et fartøj (10) ifølge et hvilket som helst af 

kravene 1-12, der indbefatter følgende trin:

1. indhentning af informationer om fartøjets bevægelser,

2. indhentning af informationer om tilstanden i stabiliseringssystemets separate 

uafhængige styrbare tanke,

3. baseret på informationer fra trinnene 1 og 2, beregning af forholdet til påfyldning i 

de separate uafhængige tanks, herunder beregning af, om trykket i den separate 

uafhængige styrbare tank skal være positivt eller negativt,

4. forsyning af vakuum-Ærykkompressorer i de forbundne tanke med indstillinger 

baseret på beregningen i trin 3,
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5. hævning eller sænkning af trykket i de separate tanke ved hjælp af midler til styring 

af væskevolumenet i de separate tanke, indtil midler for tilstanden i de separate tanke 

til styresystemet ifølge opfindelsen varsler, at det ønskede tryk er opnået,

6. gentagelse af trinnene 1-5.

14. Fremgangsmåde ifølge krav 13, kendetegnet ved, at trin 1 indbefatter indhentning af 

informationer fra en MRU, Motion Reference Unit, og/eller en VRU, Vertical Reference Unit, 

og/eller et dynamisk positioneringssystem, hvilke informationer indbefatter informationer om 

fartøjets bevægelser.

15. Fremgangsmåde ifølge krav 13, kendetegnet ved, at trin 2 indbefatter indhentning af 

informationer om tilstanden i de separate tanke ved hjælp af egnede midler hertil, såsom 

trykfølere/måler, flydere eller trykimpulser, der er en forudsætning for, at styresystemet ifølge 

opfindelsen ved, om højere tryk eller lavere tryk, dvs. vakuum, i forhold til atmosfærisk tryk, 

skal tilføres de separate tanke.

16. Fremgangsmåde ifølge krav 13, kendetegnet ved, at trin 1 og/eller 2 ligeledes indbefatter 

indhentning af informationer om bølgehøjde og frekvens ved hjælp af sensormidler dertil, 

hvilke information er gør det muligt for styresystemet at danne et billede af bølgefrekvensen, 

bølgens retning og den totale ændrende opdrift tilvejebragt af bølgen.

17. Fremgangsmåde ifølge krav 13, kendetegnet ved, at trin 4 og 5 indbefatter forsyning af 

vakuum-Ærykkompressorer til de separate tanke med indstillinger til at opnå ønsket ballast 

eller opdrift i de forbundne tanke.

18. Fremgangsmåde ifølge krav 17, kendetegnet ved, at trykket i de separate tanke øges eller 

sænkes, indtil midler for tilstanden i de separate tanke varsler styresystemet, om at det 

ønskede tryk er opnået.

19. Fremgangsmåde ifølge krav 13, kendetegnet ved, at trinnene 1 til 5 gentages

kontinuerligt for at tilpasse fartøjet til det kontinuerligt ændrede miljø, hvilket gør

stabiliserings systemet selvkorrigerende.
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20. Fremgangsmåde til passiv stabilisering af et fartøj (10) ifølge krav 2 og et hvilket som 

helst af kravene 3-12, hvor den indbefatter følgende trin:

1. indhentning af informationer om fartøjets bevægelser,

2. indhentning af informationer om tilstanden i stabiliserings systemets separate tanke,

3. baseret på informationer fra trinnene 1 og 2, beregning af, om de separate tanke skal 

have reduceret og/eller øget opdrift,

4. åbning af den styrbare ventil anbragt i øvre del af den separate tank for tilførsel af 

væske til de separate tanke, hvis reduceret opdrift i forbundne separate tanke er 

krævet, og/eller lukning af den styrbare ventil, hvis øget opdrift i de forbundne 

separate tanke er krævet,

5. kontinuerlig gentagelse af trinnene 1-4.

21. Fremgangsmåde ifølge krav 20, kendetegnet ved, at trin 1 indbefatter indhentning af 

informationer fra en MRU, Motion Reference Unit, og/eller en VRU, Vertical Reference Unit, 

og/eller et dynamisk positioneringssystem, hvilke informationer indbefatter informationer om 

fartøjets bevægelser.

22. Fremgangsmåde ifølge krav 20, kendetegnet ved, at trin 2 indbefatter indhentning af 

informationer om de separate tankes status ved hjælp af egnede midler hertil, såsom 

trykfølere/målere, flydere eller trykimpulser, der er en forudsætning for, at styresystemet 

ifølge opfindelsen ved, om højere tryk eller lavere tryk, dvs. vakuum, i forhold til atmosfærisk 

tryk, skal tilvejebringes i de forbundne separate tanke.

23. Fremgangsmåde ifølge krav 20, kendetegnet ved, at trin 1 og/eller 2 ligeledes indbefatter 

indhentning af informationer om bølgehøjde og frekvens ved hjælp af sensormidler hertil, 

hvilke informationer gør det muligt for styresystemet at danne et billede af bølgefrekvensen, 

bølgens retning og den totale ændrende opdrift tilvejebragt af bølgen.

24. Fremgangsmåde ifølge krav 20, kendetegnet ved, hvis ingen informationer fra trin 1 og 2 

er til stede, at den styrbare ventil kan justeres manuelt for bedst mulige effekt ved forsøg og 

oplevelse.
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