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A SAFETY SYSTEM FOR A VESSEL

TECHNICAL FIELD

The present invention relates to the field of safety or protective systems for a vessel,
ship or other floating structures. The invention may also be installed an acroplane
as safety measure in case of a crash into water.

In particular the present invention is applicable for leisure boats and fishing boats,
but in general the workings of the safety system makes the system suitable for all
kind of vessel and ships independent of size and use.

More specifically, the invention relates to a safety system for detecting a rising
water level in a compartment of a vessel (and a plane) and subsequently providing a
material into the compartment that is buoyant and/or simply capable of filling the
compartment to prevent further water entrance in order to keep the vessel floating in
an emergency.

BACKGROUND

For all marine activity such as in the commercial fleet and for leisure boating a
continuously effort has been put into increasing the safety for both crew and
passengers.

A main focus of attention when regarding safety at sea has been the risk of fire.
However, recent surveys have shown that the risk of colliding with a rock or
grounding is larger than the risk of fire, especially for fishing and leisure boats.
While equipment to extinguish fire is compulsory on all fishing and leisure boats, a
safety system to prevent the boat from sinking is not considered a necessity on these
boats, despite the aforementioned risk of sinking. Based on this the effort to
provide efficient working safety systems to reduce the risk of possible sinking of a
vessel or a boat would represent a considerable contribution to save human lives.

The possible serious consequences of damages to the hull of a vessel resulting in
water entrance into the interior of the hull have incurred various safety and
protective systems for preventing the sinking of vessels.

In accordance with prior art such as disclosed in WO 88/00882 expandable and
inflatable devices are provided to prevent the sinking of ship by displacing water
leaking through a breach in ship hull. The system as disclosed in WO 88/00882 is to
be activated by manual operation.

US 6098563 describes an extensive system for detecting a leak through a breach in
the hull, and thereafter initiating an operation for sealing off the breach to withstand
the force of water working on the breach. The system includes a sensor system for
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detection of a breach in the hull and a control system to control and monitor the
injection of a foam to seal the breach, as well as a distribution system to inject the
foam into compartments where the breach occurs.

This system and its operational method has certain disadvantages. Firstly, the
system is intended for use on a tanker or cargo ship and the described protection
system is elaborate and complex. The sensing system as suggested in US 6098563
includes sensing means integrated in the hull for detecting of breaches in the hull
and these sensing means may comprise pressure detecting means for capturing
compression of substances accommodated in a compartment. These compressions
are induced by the breaching of the hull. Further the system requires both a control
system and an elaborate distribution system to coordinate the delivery of the
foaming material in dependence on the input of signals from the sensors. But again
this system is especially suitable for a large cargo ships and in this perspective a
complex system appears suitable for ensuring an overall monitoring of the large hull
and enabling the sealing at all possible places of the large hull where breaching may
occur.

Further prior art documents include BE 630137, DE 202012000799, FR 2476588,
CN 202879764 and KR 20140098361 which describes various arrangements for
preventing the sinking of ships by introducing expandable foam into a compartment
to dispose of water as leaked into the compartment.

An object of the present invention is to solve, or at least substantially alleviate, the
above-described disadvantages of the prior art protection systems.

A further object is to provide a versatile safety system that is reliable and suitable
in various boats and vessels and that also may be suitable for retrofitted instalment.
It is further an object for the invention that the construction is simple and that
working of the safety system is rapid.

SUMMARY

The invention is defined in the independent claims. Further additional features are
set forth in the dependent claims.

The invention provides a safety system for a vessel comprising a source of
foamable material and a passageway for distribution of the foamable material and
an actuation device arranged to control a flow of foaming material from the source
of foamable material and through the passageway. The safety system is prepared to
be installed on the vessel when building the vessel or later on, as an after
installment carried out by a professional operator or by the owner himself. The
actuation device, which may comprise sense and response means, is provided
operable in response to exposure of water. The actuation device is arranged
operable to allow the foaming material into the compartment through the
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passageway. In use, when installed on the vessel, the actuation device is arranged in
the compartment of the vessel at a position corresponding to a preset water level in
the compartment. The preset water level represents a threshold value for initiation
the operation of the actuation device. When an actual water level in the
compartment reaches the preset water level, the actuation device is exposed to
water and triggers the actuation device to allow the delivery of the foaming
material into the compartment through the passageway.

The invention may in one aspect concern a vessel comprising the safety system.

As mentioned previously, the safety system may also be suitable for use on an
aircraft such as an arecoplane, and all explanations and descriptions of the safety
system as provided for a vessel are also applicable for the safety system as
employed on an aircraft. In the context of this document the term vessel should be
understood to include both an aircraft and all kind of boats and ships.

When used on an aeroplane, the safety system will be installed in a compartment in
the areoplane, preferably a compartment in proximity to the bottom of the plane.
The safety system for a plane then comprises a source of foamable material and a
passageway for distribution of the foamable material and an actuation device
arranged to control the flow of foaming material from the source of foamable
material and through the passageway. The actuation device, which may comprise
sense and response means, is provided operable to exposure of water. The actuation
device is arranged operable to allow the foaming material into the compartment
through the passageway. . In use, when installed on the aero plane, the actuation
device is positioned in the compartment of the plane corresponding a the preset
water level in the compartment and the actuation device is operable to allow the
foaming material into the compartment through the passageway when an actual
water level in the compartment reaches the preset water level. This inventive
aspect may also concern a plane comprising the safety system.

If an emergency arises the pilot may control the actuation of the safety system. The
actuation device may then be operable in response to a signal from a control panel
to allow an operator to control the release of foaming material into at least one
compartment independent of the water level of the compartment.

By the arrangement of the safety system, the actuation device detects when the
rising water level reaches a preset level and is then capable of opening the
passageway for delivery of the foaming material into the compartment. The
actuation device is positioned in the compartment at a distance from the bottom of
the compartment which corresponds to the preset water level, at which it is
considered necessary to initiate the actuation device water level to ensure the safety
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of the vessel. Usually when calculating the preset water level, this is determined
including a safety measure to avoid the risk of sinking before the onset of the
workings of the system. As the skilled person will realize, the included safety
measure may vary from a minimum to a relatively large safety margin or no safety
measure at all. The position of the actuation device or the preset water level may be
the same or vary from compartment to compartment, if plural compartments are
present in the same vessel.

The actuation device is provided operable in response to exposure of the water and
could be said to be working according to an automatic principle as the exposure of
the water triggers the rapid delivery of foam material into the compartment when
the water level is rising above the preset level. As this safety system does not
require a central control system nor various sensors in communication with the
control system, the safety system when provided in a simplified version may be
provided as an entity comprising the source of foamable material, passageway and
the actuation device to be placed locally in or in close distance to the compartment.
It is also possible to locate the entity distanced away from the compartment and
extend the passageway from the installed location of this entity to the compartment
in order to deliver the foaming material into the compartment . The workings of the
actuation device provides for a rapid delivery of foaming material into a
compartment with rising water level, and thus ensures that the unwanted intrusion
of water through for instance a leak in the hull is stopped, and also if the foam
material has buoyant characteristics. that additional buoyancy is added to the
compartment when the foam material occupies the compartment.

Various materials may be used as the source of foamable material, the main goal of
using a source of foamable material being that the foamable material occupies a
small place when held in the source for instance pressurized in a tank. The foamable
material is capable of filling a large volume when let out from the source in the
state of foaming material to occupy the compartment. These tanks may be self
contained tanks capable of the discharge of foamable material, independent of
external energy or activation sources. The object of the foamable material when let
into the compartment is for the foaming material to fill the compartment and cure
into a foamed material. The foam material may then be capable of closing off a
possible fracture or break through the hull offering a certain resistance to reduce or
avoid entirely the further entrance of water. In addition the foamed material may
have buoyant characteristics when delivered into the compartment with a rising
water level. The foamable material may comprise a one component material or a
two component material for instant a polymer or other constitutions where the
material is capable of foaming and curing into a foam material with the
aforementioned strength and buoyant characteristics when inhabiting the interior of
the compartment upon release through the passageway into the compartment.
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By positioning the actuation device in the compartment of the vessel or a plane
corresponding to a preset water level in the compartment, it is ensured that the
actuation device releases the foaming material into the compartment when the
water is rising and reaches the preset level independent on the location of the
possible hull fracture or the reasons for the elevated water level. The rising water
could be caused by a leak in the compartment or in a neighbouring compartment,
given that there is access between the compartments, or the water could be rising
due to internal leak from some equipment in the boat. In the latter case, given that
the foaming material has buoyant characteristics in a cured form, the release of
curable foaming material would add to the total buoyancy of the vessel or the
plane. When determining the position of the actuation device and the preset water
level in the compartment, this must be balanced against the need for allowing some
water to be present for instance on the floor, to avoid the unauthorized release of the
foam material. The actuation device may be installed in a position 15-20 cm above
floor, but this installation distance may vary in accordance with the type of vessel
(or plane) and overall operating conditions.

Advantageously, the foam material may be non-flammable and/or have a working
temperature of -40°C to 400°C.

The passageway of the safety system may be provided as pipe elements or other
structures capable of forming a fluid path. However, the passageway may in some
circumstances assume the form of an opening, in particular when the safety system
is to be provided as a compact entity for instance a tank constituting the source and
an opening in the tank providing the passageway and the actuation device being
arranged to control the flow of foamable material out from the tank.

In one embodiment of the safety system the actuation device may comprises a sense
and response means that is operable in response to the exposure of water for
instance operable in response to a preset hydrostatic pressure. When the water rises
in the compartment, the sensing means of the actuation device may detect the
hydrostatic pressure corresponding to the preset water level and the actuation device
is then set to respond accordingly.

The actuation device may also be operable in response to other working or
triggering conditions than pressure for instance electrical conductivity or other
water characteristics readily detected by simple sensing means.

The actuation device may comprise sensing means , where the response means is
operable in response to the exposure of water as detected by the sensing means. The
actuation device may be arranged as a valve device operable set to control the
delivery of foam through the pathway and into the compartment by opening and
closing the pathway, for instance operable in response to a preset hydrostatic
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pressure. The valve device may comprise a valve body arranged for opening the
pathway, as a response to the sensing means detecting water. The valve device may
be arranged with a valve body initially positioned for closing the pathway. As a
response to the sensing means detecting water, for instance a preset hydrostatic
pressure, the valve body may be set in a position for opening the pathway,

The valve device may comprise a hydrostatic valve device which is operable when
exposed to a hydro static pressure corresponding to a 10 cm water column or about
0,01bar. As such, when installed in the vessel, the actuation device may be provided
as a hydrostatic valve device, and may be installed at a preset water level
corresponding to a 10cm distance from the bottom of the compartment. In the case
when the actual water level reaches the preset level, the actuation device is
activated and opens the passageway for delivery of foaming material into the
compartment.

The actuation device may comprise a block element of solvable material for
instance made of salt, which disintegrates in presence of water. In accordance with
this embodiment of the invention, the block element may be arranged in the
passageway and when the water dissolutes the salt, the passageway is opened for the
foaming material to enter the compartment. The presence of a solvable block
clement provides a simple and automatic release of the foaming material.

The safety system may combine both the use of sense and response means that is
operable in response to exposure to water (for instance in response to a preset
hydrostatic pressure) and a solvable block element disintegratable when exposed to
water. The idea is to introduce a fail-safe solution in case the main working
principle of the actuation device is not working as planned. The actuation device
may then comprise sensing and response means which is operable in response to
water exposure such as for instance a preset hydrostatic pressure when the actual
water level reaches a first preset water level, and further that the actuation device in
addition comprises the block element of solvable material which disintegrates in
presence of water when the actual water level reaches a second preset water level.
The solvable block element here represents the fail-safe solution in the event where
the actuation device does not respond properly, for instance to the hydrostatic
pressure, and with the provision of two preset water levels, the disintegration of the
solvable material at the second preset water level will ensure the discharge of
foaming material if the actuation device does not respond when the first water level
is reached. Possibly other combinations are feasible; two solvable block elements at
different preset levels, two different sense and response means each operable in
response to different water characteristics or being arranged at different preset
levels.
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As mentioned the passageway may comprise an opening or a fluid path, and may be
provided by a pipe structure such as a piece of pipe, pipe line or plural pipes which
may have various shapes to enable the flow of foaming material from the source of
foamable material to the compartment where the water level is rising. The actuation
device may be connected to the pipe structure for instance at the end portion of the
pipe structure extending into the compartment to control the flow of foaming
material into the compartment.

In one embodiment the pipe structure comprises a main pipe connected to the
source of foamable material, either directly to the source or via an intermediate
structure. The main pipe may be provided with several branch pipes, wherein each
branch pipe may be arranged with an end portion extending into the designated
compartment and the actuation device is operable for distribution of the foaming
material through an end portion opening into the individual compartments.

The passageways may be arranged into all compartments of the vessel (or plane) or
into dedicated compartments depending on the size of the vessel and overall
provision of the vessel (or plane).

The safety system may be installed on a vessel, boat, ship or other floating structure
when building the boat to deliver the boat or vessel with a ready installed safety
system or may be provided as a set for retrofitted installment on a vessel. The same
options also apply when the safety system is provided on a plane

In some circumstances, it may be desirable to prepare the safety system so that the
foaming material filling the compartment is easy to remove once the emergency
situation is handled and/or to ensure that the foaming material is maintained in the
compartment or part of compartment that it is meant to be filled. The safety system
may then have provisions for facilitating the later removal of the foam material and
/or for keeping the foam material in place. The safety system may comprise a
capturing device for collection of the foaming material that enters the compartment
through the passageway. The capturing device ensures that the foaming material is
held in place inside the compartment or in a restricted space within the
compartment. The capturing device ensures that the foaming material does not
expand beyond the compartment or some designated portion of the compartment.
Should an uncontrolled or erroneous release occur, the capturing device restricts the
foaming material from entering unauthorized places other than the intended volume
of the compartment. Further the capturing device may be arranged for the
facilitating the removal of the foam material from the compartment as the foam
material when contained in the capturing device provides an easier and cleaner
removal of the foam material. For this purpose, various kind of fabric or sheets
capable of collecting the foam material filling the compartment may be suitable for
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provision of the capturing device. The capturing device may be shaped as a bag or
have any other configuration occupying minimal space and capable of receiving and
supporting the foam material when removing the foam material from the
compartment. The capturing device may be attached surrounding the opening of the
passageway into the compartment to provide a simple filling of the capturing
device.

In some applications, there might be a need for manual operation of the safety
system for instance to allow an operator to control the release of foaming material
into a compartment independent of the water level of the compartment. In one
embodiment, the actuation device may be operably controlled by a signal from a
control panel so as to allow an operator to control the release of foaming material
into at least one compartment. The actuation device may then be operable in
response to a signal from a control panel to allow an operator to control the release
of foaming material into at least one compartment independent of the water level of
the compartment.

These and other characteristics of the invention will be clear from the following

description of an exemplary embodiment, given as a non-restrictive example, with
reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic illustration of one embodiment of the safety system as installed
on a vessel.

Fig. 2 is a schematic illustration of another embodiment of the safety system as
installed on a vessel.

Fig. 3 is a schematic illustration of an aspect of the embodiment of the safety
system as shown on fig 1.

Fig. 4 is a schematic illustration of an aspect of the embodiment of the safety
system as shown on fig 2.

Fig. 5 is an overall view illustrating another embodiment of the safety system as
installed on an aircraft.

Fig. 6 is a plane view from above of the embodiment as shown on fig 5.

Fig. 7 shows a section of the schematic illustration on fig 5.
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DETAILED DESCRIPTION

Fig. 1 shows an example of a safety system according to the invention where
compartment 2 of a vessel is provided with a source of foamable material 3, in the
illustration shown as two tanks filled with foamable material which may be
contained in the tanks in a pressurized state. The foamable material comprises a
single component material or a two component material, and in the shown
illustration each of the two tanks is filled with each of the two component material.
A passageway, here shown as a pipe element 4 is connected to the two tanks at one
end and extending into the compartment at the other end. An actuation device 5 is
arranged to control the flow of foaming material from the source of foamable
material and through the pipe element 4. The actuation device 5 is operable in
response to a preset water level 6 and as seen in fig 1, the position of the actuation
device 5 in the compartment 2 determines this preset level. If the water level of the
compartment is rising and the water level reaches the actuation device 5, the water
exposure triggers an operation of the actuation device 5 which responds to allow
the foaming material into the compartment 2 through the pipe element 4 for curing
into a foamed material. The preset level may be chosen by arranging the actuation
device 5 a distance from the floor so that water may be present on the floor without
incurring the activation or triggering of the actuation device 5.

The actuation device 5 may comprise sense and response means which is operable
for instance in response to hydrostatic pressure so that the rising of water reaching
the actuation device 5 triggers the flow of foaming material from the source of
foamable material 3 through the pipe element 4 and into the compartment 2. The
actuation device may be arranged as a valve device operable set to control the
delivery of foam through the pathway and into the compartment 2. The valve
device may comprise a valve body initially arranged for closing the pathway, and
may be set for opening the pathway as a response to the sensing means detecting
water.

In another embodiment the actuation device 5 may comprise a block element of
solvable material such as salt which is formed as a tablet and which disintegrates in
the presence of water and opens the pipe element 4 to allow foaming material from
the source of foamable material 3 into the compartment.

In accordance with yet another embodiment of the invention the actuation device
may comprise sensing and response means that is operable in response to
hydrostatic pressure when the actual water level reaches a first preset water level,
(for instance corresponding to the preset water level 6),as well as comprising a
block element 8 of solvable material which disintegrates in presence of water,
wherein the solvable material is positioned at a second preset water level 7 as
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illustrated . By this arrangement an additional precautionary measure is introduced,
and if the actuation device 5 for some reason does not respond, for instance to the
hydrostatic pressure, and the water continues rising, the foaming material will be
allowed into the compartment when the actual water level reaches the second preset
water level 7 and the solvable material disintegrates to open the pipe element 4 and
inject the foamable material 3 into the compartment 2.

The arrangement of the safety system as shown in figure 1 may be retrofitted into an
existing vessel. Even though the vessel is shown arranged with an entity comprising
a source of foamable material 3, pipe element 4 and actuation device 5 fitted for
cach compartment, the skilled person will realize that the set up may be customized
according to need and size of boat. The outlay of the shown entity of source 3, pipe
element 4 and actuation device 5 makes for a compact solution which is easily
installed on both commercial and leisure vessel of various size.

Fig 2 shows another embodiment of the safety system implemented with a central
configuration where the source of foamable material is provided as a common
source for the possible discharge of material 3 into the compartments 2. A
passageway here shown as main pipe 10 connected to the two tanks runs along the
length of the vessel 1 and is provided with several branch pipes 11 that extend from
the main pipe 10 and into the compartment to locate the actuation device 5 in a
position corresponding to the preset water level. The outlay as illustrated in fig 2
where the safety system has the outlay of a central distribution is suitable for
installment on vessels during the building of the boat, and may be ready installed
when the vessel is presented to the customer.

Fig 3 shows an embodiment of the safety system where a capturing device 20 is
arranged in the compartment 2 for collection of foaming material that enters the
compartment through the passageway illustrated by the pipe element 4. The
capturing device 20 ensures that the foaming material is held in place inside the
compartment 2 and provides for easy removal of the foam material from the
compartment. The capturing device 20 which in the illustration has a bag shaped
configuration may be attached surrounding the opening of the passageway/pipe
element for facilitating the simple filling of the capturing device. The capturing
device may be provided in various shapes using different kind of fabric or sheets
capable of collecting the foam material filling the compartment The capturing
device may be shaped as a bag as shown or have any other configuration occupying
minimal space. Further, that the capturing device is capable of collecting the foam
material and keeping it within the compartment as well as providing sufficient
supporting for the foam material when later removing the foam material from the
compartment. In figure 3 the capturing device is for illustrative purposes shown in a
mid-ship and in a bow compartment. As the skilled person will realize, all
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compartments may be provided with the capturing device. In other circumstances,
some clected compartments may be provided with the capturing device. The safety
system may of course also be provided without the capturing device.

Fig 4 shows the installation of the capturing device 20 in the embodiment of the
safety system as illustrated in fig 2. For illustrative purposes, the capturing device
20 is shown arranged in two of the compartments 2.

Fig 5 is an illustration of the safety system as installed on an air craft 50 as a safety
measure for emergency landing or crashing into water. The outlay of the safety
system is similar to the one shown in fig 2 and is shown having a central
configuration where the two sources 31, 32 of foamable material are provided as a
common source for the possible discharge of material 3 into the compartments 2. In
the illustration on fig 5, the compartment 35 located in the body of the air craft is
shown as a common compartment, it is of course also possible to divide the
common compartment into separate compartments following the pattern of the
vessel in fig 1 and 2. Another compartment 36 is located in the wings of the air craft
50. A passageway, here shown as main pipe 10 is connected to the two tanks and
runs along the length of the aircraft 1 with dividing part of the main pipe 10
occupying the compartment 36 of the wings. The main pipe 10 is provided with
several branch pipes 11 that extend from the main pipe 10 and into the compartment
to locate the actuation device 5 in a position corresponding to the preset water level.

Fig 6 shows the outlay of the safety system as arranged in the wing compartments.
Fig. 7 shows an enlarged view of a section of safety system as illustrated in fig 5.

The capture device 20 as illustrated in fig 3 and 4 is of course also applicable for
the safety system when implemented on an aircraft.

In the above detailed description, various aspects of the method and system have
been described with reference to the illustrated exemplary embodiment. Various
modifications and variations of the exemplary embodiment, as well as other
embodiments of the method and system, are considered to lie within the scope of
the present invention as defined in the claims.
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CLAIMS

1.

A safety system for a vessel comprising
- a source of foamable material and a passageway for distribution of the
foamable material, and
-an actuation device (5) arranged to control a flow of foaming material from
the source of foamable material (3) and through the passageway,
-the actuation device (5) is provided operable in response to exposure of
water,
wherein in use the actuation device is arranged in a compartment (2) at a
position corresponding to a preset water level in the compartment (2) and
when an actual water level in the compartment (5) reaches the preset water
level, the actuation device (5) is exposed to water and the water exposure
triggers the actuation device to allow the delivery of the foaming material
into the compartment (2) through the passageway.

A safety system for a vessel in accordance with claim 1,
characterized in that the actuation device comprises sensing
means and response means, which response means is operable in response to
the exposure of water as detected by the sensing means.

A safety system for a vessel in accordance with one of the preceding claims,
characterized in that the passageway comprises a pipe structure
(4) extending from the source of foamable material (3) to the compartment
and the actuation device (5) is connected to the pipe structure (4),

whercein the actuation device (5) is connccted to the pipe structure (4) to
control the flow of foaming material through the passageway into the
compartment (2).

A safety system for a vessel in accordance with claim 3,
characterized in thatthe actuation device is connected at the end
portion of the pipe structure (4) extending into the compartment (2).

A safety system for a vessel in accordance with claim 2 or 3,
characterized in that an entity comprising the source of
foamable material (3), the passageway and the actuation device (5) is to
placed locally in the compartment or in close distance to the compartment.
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10.

11.

13

A safety system for a vessel in accordance with one of the preceding claims
1-4,

characterized in that the passageway comprises a main pipe (10)
connected to the source of foamable material (3), the main pipe is provided
with several branch pipes (11), wherein each branch pipe (11) has an end
opening into a compartment and the actuation device (5) is operable for
distribution of the foaming material through the end opening into the
individual compartments (2).

A safety system for a vessel in accordance with one of the preceding claims,
characterized in that the actuation device (5) comprising the
sensing and response means is operable in response to hydrostatic pressure.

A safety system for a vessel in accordance with one of the preceding claims,
characterized in thatitfurther comprises a capturing device (20)
for collection of foaming material that enters the compartment (2) through
the passageway.

A safety system for a vessel in accordance with one of the preceding claims,
characterized in thatthe safety system is ready-installed on a
vessel.

A safety system for a vessel in accordance with one of the preceding claims,
characterized in th athe safety system is provided as a set or kit

for retrofitted installment on a vessel.

Vessel comprising a safety system according to one of the preceding claims.
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