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Description
TECHNICAL FIELD

[0001] The present invention relates to a ship stability
recovery system for securing a ship’s stability when the
ship is damaged and a car carrier equipped with the
same.

BACKGROUND ART

[0002] Measures for securing stability of a ship when
it is damaged are required.

[0003] For example, a ship such as a passenger boat
having a plurality of compartments and provided with a
water trap in the hull has been proposed (see, for exam-
ple, Patent Literature 1), the water trap being structured
as awall element for partitioning adjacent compartments,
which is given for the purpose of limiting the amount of
flooding water to secure the ship’s stability when the ship
is damaged; the wall element includes a fire-resistant
main wall element that supports a predetermined load,
and a fire-resistant additional element that forms a wall
partitioning adjacent compartments together with the
main wall element and is located under the main wall
element, with no liquid filled inside. The additional ele-
ment blocks movement of a heated gas between the ad-
jacent compartments, while it allows movement of sea-
water to the other compartment when the seawater en-
ters one of the adjacent compartments.

[0004] With the structure described in this Patent Lit-
erature 1, when seawater enters one of adjacent com-
partments due to a hull breach, the water trap causes
the seawater to enter the other compartment, too. This
brings about a condition in which the plurality of compart-
ments inside the hull are flooded, which suppresses ro-
tational moment around the axis of the hull, whereby the
stability performance of the hull is improved.

[0005] However, if the above-described water trap is
to be applied to a car carrier or the like, there are the
following problems: a) There need to be provided a plu-
rality of bulkheads (watertight bulkheads) inside the ve-
hicle stowage compartment, which poses limitations on
the compartment design; b) The compartment need to
be partitioned by providing watertight sliding doors or the
like between vehicle stowage decks; c¢) Partitioning the
vehicle stowage compartment increases the material
amount and leads to a cost increase; d) Partitioning the
vehicle stowage compartment increases the material
amount and leads to an increase in the hull weight (L/W
or lift to weight ratio); e) Partitioning the vehicle stowage
compartment deteriorates work efficiency during the
ship’s construction; f) Partitioning the vehicle stowage
compartment deteriorates work efficiency of the crew;
and g) Limitations will arise on the stowage of vehicles,
and the number of vehicles that can be loaded will be
decreased.

[0006] On the other hand, if no measures are taken, a
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required value of GoM (transverse metacentric height)
will be larger so as to secure the stability of a car carrier
or the like when it is damaged. A larger required value
of GoM will pose limitations on the stowage of vehicles
in the ship service, and such limitations on the vehicle
stowage will decrease the scale of operation.

[0007] Alternatively, in order to secure the ship’s sta-
bility when itis damaged, a ballast for lowering the center
of gravity would be necessary, which, for a car carrier or
the like, will cause a problem that the number of vehicles
that can be loaded is decreased.

[0008] Another type of ship has also been proposed
(see, for example, Patent Literature 2), which includes a
flat-bottomed main hull and a submerged tank auxiliary
hull that is constituted by adding, under the bottom of the
main hull, asubmerged tank external hull having an open-
ing for transmitting pressure of incoming and outgoing
seawater and an air vent pipe. A joining and securing
keel (fin keel) is provided between the lower part of the
bottom of the main hull and the interior of the submerged
tank auxiliary hull, so that the ship is formed (constituted)
by the main hull, which serves as the ship based on con-
ventional ship theories, and the submerged tank auxiliary
hull that encompasses a new concept and bears the func-
tion of preventing a capsize of the ship. Thereby, the
apparent center of gravity is moved to a lower part of the
ship so that it is not easily capsized.

[0009] However, the one described in Patent Literature
2 is substantially identical to a ship provided with a ballast
for lowering the center of gravity, and so it has the prob-
lem that the number of vehicles that can be loaded is
decreased.

Patent Literature 1: Japanese Published Unexam-
ined Patent Application No. 2004-9950

Patent Literature 2: Japanese Published Unexam-
ined Patent Application No. 7-304490

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0010] The present invention was proposed to solve
the above problems, its object being to provide a stability
recovery system for a ship having a huge auxiliary buoy-
ancy such as a void space (pipe space) or the like near
the bottom of the ship, the system being designed to se-
cure the ship’s stability when the ship is damaged by
effectively utilizing this void space (pipe space) or the
like, and a car carrier equipped with this system.

MEANS FOR SOLVING THE PROBLEMS

[0011] The present invention was made to solve the
above conventional problems. The invention set forth in
respective claims resides in a ship stability recovery sys-
tem and a car carrier equipped with the same, adopting
various means as will be respectively described in the
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following:

1) The ship stability recovery system according to
the first means is characterized by having a remotely
openable seawater inlet means provided to a lower-
most watertight deck above a void space at a bottom
of the ship.

2) The second means is characterized in that, in
the ship stability recovery system according to the
first means, the seawater inlet means includes

a seawater inlet opened in the watertight deck
near a side of the ship,

a watertight door closing a lower surface of the
seawater inlet, and

a watertight door opening system for opening
the watertight door.

3) The third means is characterized in that, in the
ship stability recovery system according to the first
means, the seawater inlet means includes

a seawater inlet opened in the watertight deck
near a side of the ship,

a watertight box provided to a lower surface of
the watertight deck such as to surround the sea-
water inlet,

a second seawater inlet opened in a side face
of the watertight box,

a watertight door closing the second seawater
inlet, and

a watertight door opening system for opening
the watertight door.

4) The fourth means is characterized in that, in the
ship stability recovery system according to the sec-
ond or third means, the system further includes

a flooding detection system provided on the wa-
tertight deck,

a flooding indicator indicating that the flooding
detection system has detected flooding, and

a watertight door operator outputting an opera-
tion signal to the watertight door opening system
to open the watertight door.

5) The fifth means is characterized in that, in the
ship stability recovery system according to the fourth
means, the system further includes

a stability monitoring and control system in a
non-watertight compartment of the ship, and
that the flooding indicator and the watertight
door operator are provided in the stability mon-
itoring and control system.

6) The sixth means is characterized in that, in the
ship stability recovery system according to the fifth
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means, the stability monitoring and control system
includes

an automatic-opening-condition input terminal
for inputting a condition of the ship,

an automatic opening determiner that deter-
mines whether or not the watertight door should
be automatically opened based on a signal from
the flooding detection system indicating that
flooding has been detected and based on the
condition of the ship input at the automatic-open-
ing-condition input terminal and that outputs an
operation signal for opening the watertight door
when it has determined to automatically open
the watertight door, and

a manual/automatic transfer switch that selects
either one of an operation signal from the wa-
tertight door operator and an operation signal
from the automatic opening determiner and that
outputs an operation signal to the watertight
door opening system to open the watertight
door.

7) The seventh means is characterized in that, in
the ship stability recovery system according to the
fifth or sixth means, the system further includes

a water gauge provided in the void space, and
that the stability monitoring and control system
is provided with a seawater level indicator that
receives a signal from the water gauge and in-
dicates a seawater level inside the void space.

8) The eighth means is characterized in that, in the
ship stability recovery system according to the first
means, the seawater inlet means includes

a seawater inlet open/close valve provided in
the void space, and

a seawater inlet pipe connected to the seawater
inlet open/close valve and opened to the water-
tight deck, and that the system further includes
a flooding detection system provided on the wa-
tertight deck near the watertight door,

a flooding indicator indicating that the flooding
detection system has detected flooding,

a valve remote control bar for operating the sea-
water inlet open/close valve, and

a valve control handle provided at a distal end
of the valve remote control bar.

9) The ninth means is characterized in that, in the
ship stability recovery system according to the first
means, the seawater inlet means includes

a seawater inlet opened in the watertight deck
near a side of the ship,
a watertight box provided to a lower surface of
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the lowermost watertight deck such as to sur-
round the seawater inlet, and

a second seawater inlet opened in a side face
of the watertight box, and that the system further
includes

a flooding detection system provided on the wa-
tertight deck near the watertight door, and

a flooding indicator indicating that the flooding
detection system has detected flooding.

10) The tenth means is characterized in that, in the
ship stability recovery system according to the first
means, the seawater inlet means is a longitudinal
communication pipe communicating a plurality of air
vent pipes provided to the watertight deck on both
port and starboard sides of the ship, and that the
system further includes

a flooding detection system provided on the wa-
tertight deck near a side shell plate of the ship,
and

a flooding indicator indicating that the flooding
detection system has detected flooding.

11) The eleventh means is characterized in that,
in the ship stability recovery system according to any
one of the eight to tenth means, the system further
includes

a water gauge provided in the void space, and
a seawater level indicator that receives a signal
from the water gauge and indicates a seawater
level inside the void space.

12) A car carrier according to the twelfth means is
characterized by having the ship stability recovery
system according to any one of the first to eleventh
means.

EFFECTS OF THE INVENTION

[0012] Withthe above-described various means being
adopted, the ship stability recovery system and the car
carrier equipped with the same as set forth in respective
claims of the invention provide the following effects:

[0013] Accordingtothe invention as setforthin various
claims of the present application, in the event that a side
shell plate or the like of the ship is damaged and seawater
enters the ship, the seawater inlet means provided in the
lowermost watertight deck is opened, so that the seawa-
ter that has entered the ship is introduced into the void
space (pipe space) and thereby the void space (pipe
space), which usually provides a huge auxiliary buoyan-
cy, can be made to function as a sort of a seawater ballast
tank, whereby the ship’s stability can be recovered.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1 is a front cross-sectional view of a car carrier
equipped with a ship stability recovery system ac-
cording to a first embodiment of the present inven-
tion;

FIG. 2 is a circuit diagram of a stability monitoring
and control system of the same;

FIG. 3 is a front cross-sectional view of a car carrier
equipped with a ship stability recovery system ac-
cording to a second embodiment of the present in-
vention;

FIG. 4 is a front cross-sectional view of a car carrier
equipped with a ship stability recovery system ac-
cording to a third embodiment of the present inven-
tion;

FIG. 5 is a front cross-sectional view of a car carrier
equipped with a ship stability recovery system ac-
cording to a fourth embodiment of the present inven-
tion; and

FIG. 6 is a front cross-sectional view of a car carrier
equipped with a ship stability recovery system ac-
cording to a fifth embodiment of the present inven-
tion.

DESCRIPTION OF THE REFERENCE NUMERALS

[0015]

1 car carrier

2 side shell plate

3 bottom shell plate

4 freeboard deck

5a,5b  watertight deck

6 vehicle stowage non-watertight deck
7 ballast tank

8, 8a void space

9 pipe

10 air vent pipe

11 flooding detection system

12 water gauge

13 seawater inlet

14 watertight box

15 second seawater inlet

16 watertight door

17 seawater inlet pipe

18 seawater inlet open/close valve
19 valve remote control bar

20 valve control handle

21 longitudinal communication pipe
22 stopper

23 hydraulic cylinder unit

24 watertight door opening system
25 seawater inlet means

30 stability monitoring and control system
31 flooding indicator
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32 automatic opening determiner

33 manual/automatic transfer switch

34 manual watertight door operator

35 seawater level indicator

36 automatic-opening-condition input terminal
L1 detection signal line

L2 seawater level detection signal line

L3 valve control signal line

L4 opening condition signal line

CS vehicle stowage compartment

BEST MODE FOR CARRYING OUT THE INVENTION

[0016] Various embodiments of the present invention
will be hereinafter described with reference to FIG. 1 to
FIG. 6.

[0017] FIG. 1 is a front cross-sectional view of a car
carrier equipped with a ship stability recovery system ac-
cording to a first embodiment of the present invention,
and FIG. 2 is a circuit diagram of a stability monitoring
and control system of the same. FIG. 3 is a front cross-
sectional view of a car carrier equipped with a ship sta-
bility recovery system according to a second embodiment
of the presentinvention, FIG. 4 is a front cross-sectional
view of a car carrier equipped with a ship stability recov-
ery system according to a third embodiment of the
present invention, FIG. 5 is a front cross-sectional view
of a car carrier equipped with a ship stability recovery
system according to a fourth embodiment of the present
invention, and FIG. 6 is a front cross-sectional view of a
car carrier equipped with a ship stability recovery system
according to a fifth embodiment of the present invention.
[0018] First, the structure of the car carrier equipped
with the ship stability recovery system according to the
first embodiment of the present invention will be de-
scribed with reference to FIG. 1 and FIG. 2.

[0019] As shown in FIG. 1, the car carrier 1 is formed
to have a generally box-like cross-sectional shape with
side shell plates 2 and a bottom shell plate 3.

[0020] Inside this car carrier 1, a freeboard deck 4
(deck for transferring vehicles to and from the ship, wa-
tertight deck), plural layers of watertight decks 5a and 5b
for vehicle stowage and multiple layers of non-watertight
decks 6 for vehicle stowage.

[0021] Namely, the watertight freeboard deck 4 is pro-
vided near the center in the up and down direction of the
car carrier 1.

[0022] Anoutboard ramp (notshown)is coupled to this
freeboard deck 4 for vehicle roll-on/roll-off.

[0023] The watertight deck 5a for vehicle stowage is
provided in a lowermost part of the car carrier 1, and the
watertight deck 5b for vehicle stowage is also provided
above the freeboard deck 4.

[0024] Further, between the freeboard deck 4 and the
upper vehicle-stowage watertight deck 5b, and between
the freeboard deck 4 and the lowermost vehicle-stowage
watertight deck 5a, at least one layer or more of non-
watertight deck(s) 6 for vehicle stowage are provided.
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[0025] Plural layers (5 to 7 layers) of vehicle-stowage
non-watertight decks 6 are provided above the upper wa-
tertight deck 5b, too.

[0026] Multiple layers (e.g. 10 to 12 layers) of vehicle
stowage compartments CS are formed between the free-
board deck 4, plural layers of watertight decks 5a and
5b, and multiple layers of non-watertight decks 6.
[0027] Meanwhile, a ballast tank 7 (or fuel tank or the
like) is provided below the lowermost vehicle-stowage
watertight deck 5a.

[0028] Inthe case with a fuel tank, the tank is provided
a certain distance above the bottom shell plate 3, as it
needs to have a double shell design to prevent a fuel spill
when the ship bottom is damaged.

[0029] A void space 8 (pipe space) is formed between
the bottom shell plate 3 and the lowermost watertight
deck 5a or a tank bottom plate of the ballast tank 7 (or
the fuel tank or the like), and a large number of pipes 9
are laid out in this void space 8 for pumping ballast water
or fuel or the like.

[0030] This void space 8 (or void space) is not used
as a (fixed or seawater) ballast or the like, and provides
a huge auxiliary buoyancy.

[0031] The ship stability recovery system and the car
carrier equipped with the same of this embodiment are
designed to enable a ship which, while having the huge
auxiliary buoyancy of the void space 8, cannot effectively
utilize this auxiliary buoyancy, to recover its remaining
stability.

[0032] Theinventiontakes into accountthat many con-
ventional ships, while they satisfy required specifications
in a full load condition, do not satisfy required specifica-
tions particularly in a ballast loaded condition because
of a lack of remaining stability.

[0033] Namely, itis considered that conventional ships
suffer a lack of stability (GZ) resulting from the effect of
transverse heeling or the like after flooding of the ship in
a ballast loaded condition or the like. With the ship sta-
bility recovery system and the car carrier equipped with
the same of this embodiment, the transverse metacentric
height is increased by correction of transverse heeling
and lowering of the center of gravity.

[0034] According to conventional methods, it is com-
mon to secure remaining stability when the ship is dam-
aged by reducing the volume of a flooded compartment.
Onthe other hand, according to the ship stability recovery
system and the car carrier equipped with the same of this
embodiment, in view of the fact that required specifica-
tions can be met in a full load condition, the flooded vol-
ume is increased to deepen the draft after the flooding
and to secure stability (GZ), by effectively using the huge
auxiliary buoyancy to secure remaining stability.

[0035] Accordingly, in the ship stability recovery sys-
tem or the car carrier equipped with the same of a first
embodiment of the present invention, in addition to the
structure described above, a watertight door 16 (includ-
ing various forms such as a watertight hatch) is provided
to a seawater inlet 13 opened in the lowermost vehicle-
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stowage watertight deck 5 respectively near the left and
right side shell plates 2.

[0036] The watertight door 16 is coupled at one end to
a flange or the like of the seawater inlet 13 with a hinge
pin or the like, the other end thereof being closed with a
stopper 22 (including various forms such as a key) as
shown in FIG. 2.

[0037] To this stopper 22 is coupled a hydraulic cylin-
der unit 23.
[0038] Driving a watertight door opening system 24

constituted by the stopper 22 and the hydraulic cylinder
unit 23 frees the stopper 22 from the watertight door 16,
allowing the watertight door 16 to open.

[0039] Note, the watertight door opening system 24
should not be limited to the one constituted by the stopper
22 and the hydraulic cylinder unit 23, and it may be an
open/close hydraulic cylinder that opens as well as clos-
es the watertight door 16.

[0040] Although not shown, the hydraulic cylinder unit
23 may include, not only a hydraulic cylinder, but also
various types of valves that control the flow of operating
oil and electromagnetic coils or the like for driving the
valves.

[0041] A seawater inlet means 25 remotely operable
to open is constituted by the seawater inlet 13, flange,
watertight door 16, stopper 22, and hydraulic cylinder
unit 23 or the like.

[0042] Admittedly, there existed some conventional
car carriers 1 or the like that are provided with a hatch or
the like in a lowermost vehicle-stowage watertight deck
5a.

[0043] However, conventional hatches were closed
using multiple bolts and nuts or the like, and in order to
open up the hatch, it was necessary to approach the
hatch to remove the multiple nuts.

[0044] In contrast, the seawater inlet means 25 pro-
vided in the lowermost vehicle-stowage watertight deck
5a in this embodiment can be opened by remote control.
[0045] Thus, unlike conventional hatches or the like,
the seawater inlet means 25 can be readily opened by
remote control even if the place where the means is lo-
cated is flooded with seawater.

[0046] Furthermore, in a lowermost vehicle stowage
compartment CS on the vehicle-stowage watertight deck
5a, a flooding detection system 11 such as a flooding
detector, TV camera or a level switch and the like is pro-
vided. It is desirable to provide a plurality of the flooding
detection systems 11 along the fore-and-aft direction
(e.g. at least at three locations including the vicinity of
the bow, center, and the vicinity of the stern) respectively
near the port and starboard side shell plates 2.

[0047] The flooding detection system 11 may include,
for example, an electric wire or optical fiber and the like
attached to an inner surface of the side shell plates 2 so
as to detect flooding by sensing that the electric wire or
optical fiber has been cut off due to a hull breach.
[0048] A water gauge 12 is provided in the void space
8 for detecting the water level of seawater that has flowed
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in.

[0049] Conventional ships are built based on the as-
sumption that no seawater is introduced into the void
space 8, and therefore there was usually only a simple
level switch (e.g. a float switch for turning on and off a
bilge pump) or the like near an upper surface of the bot-
tom shell plate 3.

[0050] The ship of this embodiment is provided with
the water gauge 12 in the void space 8, because its de-
sign presupposes introduction of seawater into the void
space 8.

[0051] This water gauge 12 may be constituted, for
example, by level switches (float switches) provided at
least at three locations including a lower part, an upper
part, and a central part of the void space 8.

[0052] Note, a sounding pipe may be adopted instead
of the water gauge 12.

[0053] Meanwhile, in a non-watertight compartment
above the ship’s freeboard deck 4 of the car carrier 1, for
example, in a wheel house or a cargo control room or
the like, a stability monitoring and control system 30 is
provided.

[0054] The stability monitoring and control system 30
and the watertight door opening system 24 for driving the
watertight door 16 are connected via a valve control sig-
nal line L3.

[0055] The stability monitoring and control system 30
and the flooding detection system 11 are connected via
a detection signal line L1.

[0056] The stability monitoring and control system 30
and the water gauge 12 are connected via a seawater
level detection signal line L2.

[0057] The stability monitoring and control system 30
is provided with a flooding indicator 31 (flooding indicator
lamp ora TV picture), a manual/automatic transfer switch
33 (transfer switch), a manual watertight door operator
34 (press button or switch), and a seawater level indicator
35 for indicating the level of seawater in the void space
8 that is input through the seawater level detection signal
line L2.

[0058] The stability monitoring and control system 30
further includes an automatic opening determiner 32 and
an automatic-opening-condition input terminal 36.
[0059] Ship conditions (conditions used for automatic
opening determination) to be input to this automatic-
opening-condition input terminal 36 include, for example,
a signal indicating a ballast loaded condition of the car
carrier 1, a signal from a draft gauge indicating that the
draft of the car carrier 1 measured by an existing draft
gauge is below a predetermined level (ballast loaded
condition), a signal from a clinometer indicating that the
car carrier 1isinclined atan angle more than an allowable
level, a signal from a shock accelerometer indicating that
the car carrier 1 was subjected to a large shock, or a
signal from a wind gauge indicating a strong wind, and
the like.

[0060] These automatic opening determination condi-
tions are input through an opening condition signal line
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L4.

[0061] The signals input from the automatic-opening-
condition input terminal 36 are transmitted to the auto-
matic opening determiner 32.

[0062] The automatic opening determiner 32 receives
a signal from the flooding detection system 11 indicating
a flooding condition sent through the detection signal line
L1 and a signal indicating a ship’s condition (automatic
opening determination condition) from the automatic-
opening-condition input terminal 36, and determines
whether or not automatic opening should be effected
based on these signals.

[0063] Forexample, when flooding is detected as well
as the ship is inclined abnormally, or, when all the con-
ditions, i.e., flooding detected, shallow draft (ballast load-
ed condition), abnormal inclination, large impact, strong
wind, are met, it is determined that automatic opening is
necessary.

[0064] When the automatic opening determiner 32 de-
termines that automatic opening is necessary, an oper-
ation signal for opening the watertight door 16 is output
to the manual/automatic transfer switch 33.

[0065] When switched to the manual mode, the man-
ual/automatic transfer switch 33 selects the signal from
the manual watertight door operator 34 and transmits the
signal to the watertight door opening system 24 via the
valve control signal line L3, and when switched to the
automatic mode, it selects the signal from the automatic
opening determiner 32 and transmits the signal via the
valve control signal line L3.

[0066] Various operators and arithmetic processing
units in the stability monitoring and control system 30
should not be limited to those configured by individual
electric circuits, but may include, for example, those in
the form of a subprogram or subsequence or the like in
a ship-handling control and monitoring panel or the like
having a computer for integrally controlling and monitor-
ing the operation of the car carrier 1.

[0067] The ship stability recovery system or the car
carrier equipped with the same according to the first em-
bodiment of the present invention is configured as de-
scribed above; when the side shell plate 2 or the like of
the car carrier 1 is damaged and seawater enters the
lowermost vehicle stowage compartment CS, this con-
dition is detected by the flooding detection system 11,
and the detection signal is transmitted to the stability
monitoring and control system 30 via the detection signal
line L1.

[0068] In the stability monitoring and control system
30, this information is indicated by the flooding indicator
31 (flooding indicator lamp, or TV picture).

[0069] In the stability monitoring and control system
30, when the manual/automatic transfer switch 33 has
been switched to the "manual" mode, an operator, having
recognized from the flooding indicator 31 that seawater
has entered the lowermost vehicle stowage compart-
ment CS, operates the manual watertight door operator
34.
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[0070] Then this operation signal is transmitted to the
hydraulic cylinder unit 23 of the watertight door opening
system 24 via the valve control signal line L3, whereupon
the hydraulic cylinder unit 23 drives the stopper 22 to
release it from the watertight door 16, allowing the wa-
tertight door 16 to open.

[0071] If the manual/automatic transfer switch 33 in
the stability monitoring and control system 30 has been
switched to the "automatic" mode, when a flooding de-
tection signal is received from the flooding detection sys-
tem 11 through the detection signal line L1, this informa-
tion is indicated by the flooding indicator 31 (flooding in-
dicator lamp or TV picture), as well as transmitted to the
automatic opening determiner 32.

[0072] If the automatic opening determiner 32 has al-
ready received an automatic opening condition signal
from the automatic-opening-condition input terminal 36,
then it determines that seawater has entered the lower-
most vehicle stowage compartment CS. Then the auto-
matic opening determiner 32 immediately transmits an
operation signal to the hydraulic cylinder unit 23 of the
watertight door opening system 24 through the valve con-
trol signal line L3 to drive the hydraulic cylinder unit 23.
[0073] In the watertight door opening system 24, the
hydraulic cylinder unit 23 causes the stopper 22 to be
released from the watertight door 16 so that the watertight
door 16 is opened.

[0074] Thus the seawater inlet means 25 is operated
to open by remote control.

[0075] Whenthe watertightdoor 16 is opened, the sea-
water that has entered the lowermost vehicle stowage
compartment CS enters the void space 8 through the
open watertight door 16.

[0076] The condition (water level) of the seawater that
has entered the void space 8 is detected by the water
gauges 12, and the detection signal is indicated by the
seawater level indicator 35 in the stability monitoring and
control system 30 through the seawater level detection
signal line L2.

[0077] This way, in the event that the side shell plate
2 or the like of the car carrier 1 is damaged and seawater
enters the ship, the seawater inlet means 25 provided in
the lowermost watertight deck 5a is opened so that the
seawater that has entered the ship can be introduced
into the void space 8. Accordingly, the void space 8,
which usually provides a huge auxiliary buoyancy, can
be made to function as a sort of a seawater ballast tank,
whereby the stability of the car carrier 1 can be recovered.
[0078] The seawater that has accumulated in the void
space 8 is pumped out of the ship by a common bilge
pump (not shown) or the like.

(Second Embodiment)

[0079] Next, a car carrier equipped with a ship stability
recovery system according to a second embodiment of
the present invention will be described with reference to
FIG. 3 (and FIG. 2).
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[0080] Unlike the one according to the first embodi-
ment of the present invention shown in FIG. 1 in which
the watertight doors 16 are directly provided to the wa-
tertight deck 5a, the one according to the second em-
bodiment of the present invention includes a seawater
inlet 13 opened in the watertight deck 5a respectively on
both port and starboard sides, a watertight box 14 pro-
vided to a lower surface of the watertight deck 5a such
as to respectively surround each seawater inlet 13, and
a second seawater inlet 15 opened in a side face of each
watertight box 14. The watertight door 16 is provided to
each of these second seawater inlets 15.

[0081] Each of the watertight doors 16 is provided in
the vertical direction, with the top end coupled to the side
face of the watertight box 14 by a hinge pin or the like,
similarly to the one shown in FIG. 2.

[0082] The watertight door 16 is arranged such that it
can be opened by operating the stopper 22 and the hy-
draulic cylinder unit 23.

[0083] Each seawater inlet means 25 remotely oper-
able to open is constituted by the seawater inlet 13, wa-
tertight box 14, flange, second seawater inlet 15, water-
tight door 16, and stopper 22 and hydraulic cylinder unit
23 or the like shown in FIG. 2.

[0084] Each of the seawater inlets 13 in the watertight
deck 5a on both port and starboard sides is provided with
grating or the like to prevent a solid object from falling
into the void space 8.

[0085] Note, air vent pipes 10 are arranged such as
not to overlap with the watertight boxes 14.

[0086] Other components, such as the flooding detec-
tion systems 11, water gauges 12, stability monitoring
and control system 30, flooding indicator 31, automatic
opening determiner 32, manual/automatic transfer
switch 33, manual watertight door operator 34, seawater
level indicator 35, automatic-opening-condition input ter-
minal 36, and others, are provided similarly to the one
according to the first embodiment of the presentinvention
shown in FIG. 1 and FIG. 2.

[0087] According to the car carrier equipped with the
ship stability recovery system of the second embodiment
of the present invention, the same effects as those of the
first embodiment of the invention are achieved, and in
addition, since the watertight door 16 is connected by a
hinge pin or the like and provided in the vertical direction,
when seawater flows in, the watertight door 16 opens by
the force of incoming seawater but is closed relative to
outgoing seawater, i.e., it functions as a check valve, so
that the seawater that has flowed into the ballast tank 7
does not leak outside again.

(Third Embodiment)

[0088] Next, a car carrier equipped with a ship stability
recovery system according to a third embodiment of the
present invention will be described with reference to FIG.
4.

[0089] Instead of the watertight door 16 or the like of
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the one according to the first embodiment of the present
invention shown in FIG. 1, the one according to the third
embodiment of the present invention is provided with a
seawater inlet open/close valve 18.

[0090] Namely, a seawater inlet pipe 17 is connected
to the vehicle-stowage watertight deck 5a near the center
of the hull, and the seawater inlet open/close valve 18 is
connected to the distal end of the seawater inlet pipe 17.
[0091] The seawater inlet open/close valve 18 is ar-
ranged to be opened and closed by a valve remote control
bar 19 extending to above the freeboard deck 4 and a
valve control handle 20 provided at the top end of the
valve remote control bar 19.

[0092] The seawaterinletmeans 25 remotely operable
to open is constituted by the seawater inlet pipe 17, sea-
water inlet open/close valve 18, and others.

[0093] Other components, such as the flooding detec-
tion systems 11, water gauges 12, stability monitoring
and control system 30, flooding indicator 31, seawater
level indicator 35, and others, are provided similarly to
the one according to the first embodiment of the present
invention shown in FIG. 1 and FIG. 2.

[0094] A remotely controllable seawater inlet open/
close valve 18 may be employed in place of the above-
described seawater inlet open/close valve 18, valve re-
mote control bar 19, and valve control handle 20.
[0095] Inthis case, as indicated by a dotted line in FIG.
4, the valve control signal line L3 for the remote control
is connected to the seawater inlet open/close valve 18.
[0096] In this case, the stability monitoring and control
system 30 also includes, as shown in FIG. 2, the auto-
matic opening determiner 32, manual/automatic transfer
switch 33, manual watertight door operator 34, and au-
tomatic-opening-condition input terminal 36.

[0097] According to the car carrier equipped with the
ship stability recovery system of the third embodiment of
the present invention, the same effects as those of the
first embodiment of the invention are achieved.

(Fourth Embodiment)

[0098] Next, a car carrier equipped with a ship stability
recovery system according to a fourth embodiment of the
present invention will be described with reference to FIG.
5.

[0099] As compared to the one according to the sec-
ond embodiment of the present invention shown in FIG.
3, the one according to the fourth embodiment of the
invention does not include the watertight doors 16.
[0100] Namely, the side face of each watertight box 14
has only the seawater inlet 13 respectively opened there-
in. In this case, the void space 8a is considered to be a
vehicle stowage compartment, and therefore it must be
provided with appropriate equipment (fire detector, sprin-
kler, lighting, etc.) similar to that of the vehicle stowage
compartments CS.

[0101] The air vent pipes 10 may be communicated to
the watertight boxes 14, or alternatively, they may be
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arranged so as not to overlap with the watertight boxes.
[0102] Each seawater inlet means 25 remotely oper-
able to open is constituted by the seawater inlet 13, wa-
tertight box 14, flange, second seawater inlet 15, and
others.

[0103] Other components, such as the flooding detec-
tion systems 11, water gauges 12, stability monitoring
and control system 30, flooding indicator 31, seawater
level indicator 35, and others, are provided similarly to
the one according to the first embodiment of the present
invention shown in FIG. 1 and FIG. 2.

[0104] According to the car carrier equipped with the
ship stability recovery system of the fourth embodiment
of the present invention, the same effects as those of the
first embodiment of the invention are achieved, and fur-
ther there is an advantage that the system is more simple
because it has no movable parts.

(Fifth Embodiment)

[0105] Next, a car carrier equipped with a ship stability
recovery system according to a fifth embodiment of the
present invention will be described with reference to FIG.
6.

[0106] The one according to the fifth embodiment of
the presentinvention utilizes the plurality of air vent pipes
10 provided along the side shell plates 2 of the car carrier
1, and is provided with longitudinal communication pipes
21 that extend along the side shell plates 2 in the for-
and-aft direction and that communicate the plurality of
air vent pipes 10.

[0107] One each of this longitudinal communication
pipe 21 is provided in an upper vehicle stowage compart-
ment CS and in a lower vehicle stowage compartment
CS of the watertight deck 5a below the freeboard deck
4 on both port and starboard sides of the ship (a total of
four pipes).

[0108] Each seawater inlet means 25 remotely oper-
able to open is constituted by the air vent pipes 10, lon-
gitudinal communication pipes 21, and others.

[0109] With the above-described structure, when the
side shell plate 2 of the car carrier 1 is damaged, these
longitudinal communication pipes 21 are broken and rup-
tured at the same time.

[0110] This allows seawater to enter from the broken
part and to flow into the void space 8 through the longi-
tudinal communication pipes 21 and the air vent pipes 10.
[0111] Other components, such as the flooding detec-
tion systems 11, water gauges 12, stability monitoring
and control system 30, flooding indicator 31, seawater
level indicator 35, and others, are provided similarly to
the one according to the first embodiment of the present
invention shown in FIG. 1 and FIG. 2.

[0112] According to the car carrier equipped with the
ship stability recovery system of the fifth embodiment of
the present invention, the same effects as those of the
first embodiment of the invention are achieved, and fur-
ther there is an advantage that the system is more simple
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because it has no movable parts.

[0113] Moreover, since the void space 8 is nota vehicle
stowage compartment, it need not be provided with the
equipment (fire detector, sprinkler, lighting, etc.) similar
to that of the vehicle stowage compartments CS as with
the one according to the fourth embodiment of the
present invention.

[0114] While various embodiments of the present in-
vention have been described above, it should be under-
stood that the invention is not limited to the above-de-
scribed embodiments and various modifications may be
made to the specific structures of the embodiments within
the scope of the present invention.

Claims

1. Astability recovery system for a ship characterized
by having aremotely openable seawater inlet means
provided to alowermost watertight deck above a void
space at a bottom of the ship.

2. The stability recovery system for a ship according to
claim 1, characterized in that said seawater inlet
means includes
a seawater inlet opened in said watertight deck near
a side of the ship,

a watertight door closing a lower surface of said sea-
water inlet, and
a watertight door opening system for opening said
watertight door.

3. The stability recovery system for a ship according to
claim 1, characterized in that said seawater inlet
means includes
a seawater inlet opened in said watertight deck near
a side of the ship,

a watertight box provided to a lower surface of said
watertight deck such as to surround said seawater
inlet,

a second seawater inlet opened in a side face of said
watertight box,

a watertight door closing said second seawater inlet,
and

a watertight door opening system for opening said
watertight door.

4. The stability recovery system for a ship according to
claim 2 or 3, characterized in that the system fur-
ther includes
a flooding detection system provided on said water-
tight deck, a flooding indicator indicating that said
flooding detection system has detected flooding, and
a watertight door operator outputting an operation
signal to said watertight door opening systemto open
said watertight door.

5. The stability recovery system for a ship according to
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claim 4, characterized in that the system further
includes a stability monitoring and control system in
a non-watertight compartment of said ship, and that
said flooding indicator and said watertight door op-
erator are provided in said stability monitoring and
control system.

The stability recovery system for a ship according to
claim 5, characterized in that said stability moni-
toring and control system includes

an automatic-opening-condition input terminal for in-
putting a condition of said ship,

an automatic opening determiner that determines
whether or not said watertight door should be auto-
matically opened based on a signal from said flood-
ing detection system indicating that flooding has
been detected and based on the condition of said
ship input at the automatic-opening-condition input
terminal and that outputs an operation signal for
opening the watertight door when it has determined
to automatically open the watertight door, and

a manual/automatic transfer switch that selects ei-
ther one of an operation signal from said watertight
door operator and an operation signal from said au-
tomatic opening determiner and that outputs an op-
eration signal to said watertight door opening system
to open said watertight door.

The stability recovery system for a ship according to
claim 5 or 6, characterized in that the system fur-
ther includes a water gauge provided in said void
space, and that said stability monitoring and control
system is provided with a seawater level indicator
that receives a signal from said water gauge and
indicates a seawater level inside said void space.

The stability recovery system for a ship according to
claim 1, characterized in that said seawater inlet
means includes

a seawater inlet open/close valve provided in said
void space, and

a seawater inlet pipe connected to said seawater
inlet open/close valve and opened to said watertight
deck, and that the system further includes

a flooding detection system provided on said water-
tight deck near said watertight door,

a flooding indicator indicating that said flooding de-
tection system has detected flooding,

a valve remote control bar for operating said seawa-
ter inlet open/close valve, and

avalve control handle provided at a distal end of said
valve remote control bar.

The stability recovery system for a ship according to
claim 1, characterized in that said seawater inlet
means includes

a seawater inlet opened in said watertight deck near
a side of the ship,
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10

10.

11.

12.

a watertight box provided to a lower surface of said
lowermost watertight deck such as to surround said
seawater inlet, and

a second seawater inlet opened in a side face of said
watertight box, and that the system further includes
a flooding detection system provided on said water-
tight deck near said watertight door, and

a flooding indicator indicating that said flooding de-
tection system has detected flooding.

The stability recovery system for a ship according to
claim 1, characterized in that said seawater inlet
means comprises a longitudinal communication pipe
communicating a plurality of air vent pipes provided
to said watertight deck on both port and starboard
sides of the ship, and that the system furtherincludes
a flooding detection system provided on said water-
tight deck near a side shell plate of the ship, and

a flooding indicator indicating that said flooding de-
tection system has detected flooding.

The stability recovery system for a ship according to
any one of claims 8 to 10, characterized in that the
system further includes a water gauge provided in
said void space, and a seawater level indicator that
receives a signal from said water gauge and indi-
cates a seawater level inside said void space.

A car carrier characterized by having the stability
recovery system for a ship according to any one of
claims 1 to 11.
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