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Description

�[0001] The invention concerns a ship in accordance
with the preamble of claim 1. Such a ship is known from
the publication Keuning, J.A.; Toxopeus, S.; Pinkster, J.;
The effect of bow-�shape on the seakeeping performance
of a fast monohull; Proceedings of FAST 2001 confer-
ence, September 2001; page 197-206; ISBN 0 903055
70 8, publisher The Royal Institute of Naval Architects.
In this publication the ship according to the invention is
described as the AXE BOW design. The customary de-
sign of the vertical bow of the AXE BOW design which
is specific for high speeds is with a sharp bow, which
means the sides more or less intersect to a sharp nose
that cuts in the water. The disadvantage of this customary
design is that with small yaw angles this leads to vortex
shedding near the bow and this has a disadvantageous
effect on the course stability of the ship.
�[0002] In order to overcome this disadvantage the ship
of the invention is in accordance with claim 1. By giving
the bow of this ship designed for high speeds a consid-
erable radius the flow along the bow is more stable which
improves the course stability at small yaw angles.
�[0003] In accordance with an embodiment of the in-
vention the ship is according to claim 2. In this way ex-
cessive stagnation point resistance and spray generation
are avoided.
�[0004] In accordance with an embodiment of the in-
vention the ship is according to claim 3. In this way it is
easy to obtain minimal flare in the bow sections so that
the displaced volume in waves increases only more or
less linearly with the draught and so leads to better ship
behavior in waves.
�[0005] In accordance with an embodiment of the in-
vention the ship is according to claim 4. In this way, the
fins give the ship improved course stability independent
of any control system.� The location of the fins forward of
the propulsion means and the rudder�(s) prevents aera-
tion of the fins in situations whereby due to at the rear of
the ship incoming waves the rudders lose their grip as a
result of this aeration, thereby improving course stability
under adverse conditions.
�[0006] In accordance with an embodiment of the in-
vention the ship is according to.claim 5. By having the
fins in a slight angle they are preloaded and are imme-
diately active at small yaw angles, which improves their
positive effect.
�[0007] In accordance with an embodiment of the in-
vention the ship is according to claim 6. In this way the
ship can be brought in a speed dependent trim position
independent of the load or mass distribution in the ship,
thereby reducing drag and improving propulsion efficien-
cy.
�[0008] In accordance with an embodiment of the in-
vention the ship is according to claim 7. By using the flow
direction out of the nozzles both for steering and creating
the adjustable upward or downward force a compact de-
sign is possible.

�[0009] In accordance with an embodiment of the in-
vention the ship is in accordance to claim 8. The combi-
nation of the stationary fins with the horizontal fin for gen-
erating the upward or downward force makes a compact
design possible whereby due to the depth of the horizon-
tal fin the aeration of the horizontal fin is prevented.
�[0010] The invention will be explained in more detail
below with reference to several exemplary embodiments
by means of a drawing, in which: �

Figure 1 shows a perspective view of a ship accord-
ing a first embodiment of the invention, whereby the
propulsion means includes propellers,
Figure 2 shows a body plan of the design of the ship
according to the invention, whereby figure 2a shows
the various cross sections, figure 2b shows the side
view and figure 2c shows the bottom view,
Figure 3 shows schematically the aft of the ship in
accordance with figure 1 in back view and in side
view,
Figure 4 shows schematically the aft of the ship in
accordance with a further embodiment of the inven-
tion in back view and in side view,
Figure 5 shows schematically the bottom view of the
aft of the ship of the previous embodiments and spe-
cifically the toe angle of the vertical fins, and
Figure 6 shows a perspective view of an aft ship ac-
cording to an further embodiment of the invention,
whereby the propulsion means include waterjets.

�[0011] Figure 1 shows a ship 1 which is designed in
accordance with the body plan according to figure 2. The
ship 1 is designed for high speeds and has a single long
and slender hull with sides 19, whereby the length of the
hull is at least five times the beam and for longer ships
as much as seven to eight times the beam. In shorter
ships the beam is relatively larger as the hull must include
the propulsion means and a wider beam ensures that
there remains sufficient stability. The ship 1 has one or
more propellers 8 and one or more rudders 9. For ma-
noeuvring there is a bow thruster 4 near a bow 3. The
lay out on deck is as usual for instance with a wheel
house 2.
�[0012] As can be seen in figure 2 the hull of the ship 1
has a special design, in more detail the design is such
that a reduction of the Froude Kriloff forces in particular
in the foreship is achieved by minimizing the change in
momentaneous submerged volume of the hull whilst it
makes larger relative motions relative to the water level
due to waves or the ships motions. This results in a design
applying vertical sides 19 as much as feasible. A further
measure in the design is to reduce the change in water-
line beam of the sections in particular in the foreship
whilst it makes the foresaid larger relative motions. This
implies there is a minimal flare in the bow sections and
a bow 3 has a more or less vertical line or extends less
than 5 degrees forward or backward. By doing so the
change of the added mass of the sections is minimized
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and with that also the changes in the hydrodynamic lift
in the foreship are minimized. By increasing the free-
board and bringing the deck line 15 higher towards the
bow 3 in the foreship sufficient reserve buoyancy is guar-
anteed.
�[0013] The amount of increased shear in the foreship,
shown in figure 2 as deck line 15, is dependent on ship
size, speed and wave climate involved. A downwards
sloping centre line 5 towards the foreship prevents the
sections there to leave and re-�enter the water whilst the
ship is performing larger relative motions. The centre line
5 is at it lowest near the bow 3 near point 16 which indi-
cates the maximum draught relative to a waterline 17.
The amount of negative slope in the bottom 21 is de-
pendent on ship size, speed and wave climate involved.
The deadrise angle of the sections from bow to stern is
carefully determined in order to minimize exciting forces
and yet maintain sufficient hydrodynamic lift with minimal
resistance.
�[0014] Summarized the shape of the hull is such that
the hull is long and slender, there is no flare in the bow
sections and the sides 19 at the bow sections are almost
vertical. Near the bow 3 the sides 19 make an angle α
seen in a horizontal plane which is smaller than 40 de-
grees. There is an increased sheer forward and down
sloping centreline forward and the entry of the waterlines
20 are rounded. In order to reduce the wetted surface
the bow 3 is rounded with a radius R of at least 0,1m.
Depending on the beam of the ship the radius can be at
least 1% of the beam. A further advantage of this radius
R is that vortex shedding along the sides 19 of the ship
is avoided in this way. This vortex shedding might occur
in this design at small yaw angles when the bow is too
sharp as is usual with fast ships. The vortex shedding
must be avoided as it might lead to course instability. In
order to prevent that the rounded bow 3 generates too
much stagnation point resistance and/or generates too
much spray the radius R is less than 4 % of the beam.
�[0015] When applying this new hull shape further ad-
ditional measures must be taken for maintaining ade-
quate yaw or course keeping stability and to prevent un-
desirable control problems in particular in following or
stern quartering waves. The hull itself generates desta-
bilizing yaw and sway forces and moments which may
lead to these instabilities. By the introduction of fixed ver-
tical stabilizing fins or skegs 6 at the aft end of the hull
these instabilities are prevented. The fins 6 preferably
have airfoil type section shapes and have reasonable
aspects ratios to generate adequate lift to counteract the
destabilizing effects in yaw and sway of the hull. They
are designed to optimize the yaw stability in particular at
the cost of minimal increase in resistance. The fins 6 are
located away from the center line 5 and preferably near
the sides 19 so that they are away from the disturbed
area in the water which is the result of the maximum
draught 16 of the bow 3 which is much deeper in the
water than an aft ship 10. Preferably they located in front
of the rudders 9 and the propulsion means, so that they

maintain grip on the flowing water even when the rudders
9 are aerated due to incoming waves from the stern quar-
ter of the ship.
�[0016] The restoring moment of the hull in pitch is rel-
atively small when compared to similar craft. To a lesser
extend this is also true for the restoring force in heave.
The heave motion but in particular the pitch motion may
be very effectively reduced by the application of one or
more activated horizontal fins 7 at the aft ship 10. These
fins 7 generate positive or negative lift and can be ad-
justed manually, if used only for trim control, or be con-
trolled by (on board) sensors and control algorithms. In
the embodiment of figure 1 there are two horizontal fins
7 which may work together and so bring forces on the aft
ship 10 that counteract the heave and/or pitch of the ship
1 and can bring it in its optimal trim. In another embodi-
ment the two horizontal fins 7 may be controlled in such
a way that they create counter acting upward and down-
ward forces and so create a torque in longitudinal direc-
tion on the ship 1 that counteracts rolling so that under
proper control the stability can be improved.
�[0017] The submerged horizontal fins 7, wetted on
both sides, rely for the lift generation on both the high
pressure and the suction side common for foils and they
are preferably placed sufficiently deep below the water
level to prevent ventilation or suction side cavitations
along the fins 7. Specifically they can be used for active
control of the trim angle in calm water dependent on the
speed of the ship 1 in order to yield optimum attitude of
the ship, for active control of the pitch and heave motion
by auto pilot and control algorithm and also by applying
differential steering for port and starboard horizontal fins
the rolling motion can be controlled.
�[0018] Figure 3a shows the ship 1 of figure 1 in back
view with the vertical fins 6 whereby on each side of the
center line 5 two fins 6 are located and whereby between
these two fins 6 one horizontal fin 7 is mounted. Figure
3b shows the same in side view. For reasons of clarity
the propellers 8 and the rudders 9 are not shown. As can
be seen in figure 1 the propellers 8 and rudders 9 are
located aft of the fins 6 and 7. It will be clear that for the
propulsion of the ship 1 various designs are possible,
such as three propellers 8 as shown in figure 1, two pro-
pellers, two propellers with one waterjet, one propeller
with two waterjets and also two or more waterjets as
shown in figure 6 (discussed hereafter).
�[0019] Figures 4a and 4b show similar views of a fur-
ther embodiment of the vertical fins 6 and the horizontal
fins 7. In this embodiment the horizontal fin 7 extends
from both sides of the vertical fin 6. The vertical fin 6 is
located slightly away from side 19 so that the horizontal
fin 7 does not extend outside the beam of the ship 1. The
two horizontal fins 7 extending to both sides of the vertical
fin 6 have a common axis and are connected to a single
drive so that they move together. In the embodiment
shown in figure 4 the horizontal fins 7 at starboard gen-
erate in a forward moving ship 1 an upwards directed
force and the horizontal fins 7 at port generate a down-
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wards directed force. These two forces form an anti-
clockwise directed torque on the ship 1, which torque can
be used to counteract forces that are for instance a con-
sequence of waves.
�[0020] The front edge of the vertical fins 6 is shown as
more or less vertical as in this way the water flow around
the blade is most effective for creating a stabilizing force.
It will be clear that the same conditions will apply if the
vertical fins 6 are for instance vertical to the plane of the
underside of the ship 1, as long as the front edge of the
fin is more or less perpendicular to the water flow relative
to the fin 6. The front edge of the vertical fins 6 can also
be slightly swept back so that material folded around the
front edge is guided towards the fin’s end and comes free
of the fin. In the shown embodiments the vertical fins 6
are combined with horizontal fins 7. It will be clear that
for proper functioning of the vertical blades 6 this is no
requirement. Figure 5 shows that the vertical fins 6 make
a slight angle β with the center line 5 so that when the
ship 1 moves in a straight line forward there are stable
flow conditions around the fin 6 in the length of the fin 6
seen in flow direction and a correcting force is immedi-
ately available if waves push against the aft ship 10 and
change the flow direction towards the fin 6 and flow con-
ditions around the fin 6. The value of angle β depends
on the local flow conditions and so on the shape of the
underside of the ship 1. In practice the value of angle β
may be between 1 and 3 degrees or approximate 1,5
degrees.
�[0021] In the shown embodiments the blades of the
horizontal fins 7 have a horizontal rotation axis, so en-
suring similar aeration conditions along the length of the
fin 7. Depending on the specific conditions this is not
always essential. For instance in order to reduce flow
resistance under normal conditions it might be advanta-
geous to have the horizontal fin 7 seen perpendicular to
the length parallel to the underside of the ship 1. In situ-
ations where there is no need to counteract the rolling of
the ship 1 it is sufficient to have a horizontal fin 7 with a
single drive, which can be over the full width of the ship
1 and which is only used for ensuring the proper trim of
the ship 1. For stability this horizontal fin 7 can be sup-
ported in the center.
�[0022] Figure 6 shows the aft ship 10 of a further em-
bodiment for which the hull is designed in similar way as
in figure 1. The propulsion of the ship 1 in this embodiment
is with waterjets. For course stability there are vertical
fins 12, these vertical fins are more or less the same as
the earlier discussed vertical fins 6 without the there add-
ed horizontal fins 7. In the underside of the ship there are
water inlets 11 for intake of water that flows towards the
waterjets and the water flows out of the nozzles 14 in the
direction of a centre line 13. For steering the centre lines
13 can be moved in a known way in a horizontal plane.
For generating upward and downwards forces on the aft
ship 10 the centre lines 13 can be moved in a similar way
in a vertical plane around a horizontal axis. The control
of the direction of the centre lines 13 is arranged in a

similar way as the control of the horizontal fins 7 and is
preferably connected to an auto pilot for active control
having a control algorithm and applicable sensors for de-
termining positions and movements of the ship.

Claims

1. Ship designed for use at high speed and heavy seas
having a single long and slender hull with a narrow
beam and a more or less vertical bow (3), whereby
the front half of the hull has more or less vertical
sides (19), minimal flare in the bow sections and to-
wards the bow (3) an increase in draught at its center
line (5) combined with a more or less similar increase
of freeboard and whereby the aft end (10) of the hull
has a flat or slightly V-�shaped bottom with one or
more propellers (8) and/or waterjets (14) as propul-
sion means characterized in that the bow (3) has
a fillet radius (R) of at least 1 % of the beam.

2. Ship according to claim 1 whereby the fillet radius
(R) is less than 4 % of the beam.

3. Ship according to claim 1 or 2 whereby the sides (19)
near the bow (3) form a sharp angle (α) of less than
40 degrees.

4. Ship according to claim 1, 2 or 3 whereby at the aft
end (10) of the hull in front of the rudder and the
propulsion means near each side (19) at least one
more or less vertical stationary fin (6;�12) is mounted.

5. Ship according to claim 4 whereby the stationary fins
(6;�12) make towards the bow an angle (β) of 1 - 3
degrees with the center line (5).

6. Ship according to one of the previous claims where-
by the hull has at the aft.end (10) of the hull adjustable
force generating means (7;�14) for generating an up-
ward and/or downward force.

7. Ship according to claim 6 whereby the adjustable
force generating means are formed by the nozzles
(14) of the waterjets.

8. Ship according to claim 6 whereby at the aft end (10)
of the hull in front of the rudder and the propulsion
means near each side (19) at least one more or less
vertical stationary fin (6;�12) is mounted and the ad-
justable force generating means include at least one
more or less horizontal fin (7) attached to the sta-
tionary fins near their maximum depth perpendicular
to the ships center line and which horizontal fin�(s)
is/are rotatable around the longitudinal axis of the
horizontal fin �(s).
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Patentansprüche

1. Schiff, gestaltet für eine Verwendung bei hoher Ge-
schwindigkeit und schwerem Seegang, das einen
einzigen langen und schlanken Rumpf mit einer
schmalen größten Schiffsbreite und einem mehr
oder weniger senkrechten Bug (3) hat, wobei die vor-
dere Hälfte des Rumpfes mehr oder weniger senk-
rechte Seiten (19), eine minimale Ausbauchung in
den Bugsektionen und zu dem Bug (3) hin eine Zu-
nahme des Tiefgangs an seiner Mittellinie (9), ver-
bunden mit einer mehr oder weniger ähnlichen Zu-
nahme des Freibords, hat und wobei das Hinterende
(10) des Rumpfes einen flachen oder geringfügig V-
förmigen Boden mit einem oder mehreren Propellern
(8) und/�oder Wasserstrahlantrieben (14) als Vor-
triebsmittel hat, dadurch gekennzeichnet, dass
der Bug (3) einen Ausrundungsradius (R) von we-
nigstens 1 % der größten Schiffsbreite hat.

2. Schiff nach Anspruch 1, wobei der Ausrundungsra-
dius (R) weniger als 4 % der größten Schiffsbreite
beträgt.

3. Schiff nach Anspruch 1 oder 2, wobei die Seiten (19)
nahe dem Bug (3) einen spitzen Winkel (α) von we-
niger als 40 Grad bilden.

4. Schiff nach Anspruch 1, 2 oder 3, wobei am Hinter-
ende (10) des Rumpfes vor dem Ruder und den Vor-
triebsmitteln nahe jeder Seite (19) wenigstens eine
mehr oder weniger vertikale feststehende Flosse (6;
12) angebracht ist.

5. Schiff nach Anspruch 4, wobei die feststehenden
Flossen (6; 12) zum Bug hin einen Winkel (β) von 1
bis 3 Grad mit der Mittellinie (5) bilden.

6. Schiff nach einem der vorhergehenden Ansprüche,
wobei der Rumpf am Hinterende (10) des Rumpfes
einstellbare Krafterzeugungsmittel (7; 14) zum Er-
zeugen einer nach oben gerichteten und/�oder einer
nach unten gerichteten Kraft hat.

7. Schiff nach Anspruch 6, wobei die einstellbaren Kraf-
terzeugungsmittel durch die Düsen (14) der Wasser-
strahlantriebe gebildet werden.

8. Schiff nach Anspruch 6, wobei am Hinterende (10)
des Rumpfes vor dem Ruder und den Vortriebsmit-
teln nahe jeder Seite (19) wenigstens eine mehr oder
weniger vertikale feststehende Flosse (6; 12) ange-
bracht ist und die einstellbaren Krafterzeugungsmit-
tel wenigstens eine mehr oder weniger horizontale
Flosse (7) einschließen, an den feststehenden Flos-
sen nahe deren maximaler Tiefe senkrecht zu der
Schiffsmittellinie befestigt, und wobei die horizontale
(n) Flosse�(n) um die Längsachse der horizontale�(n)

Flosse�(n) gedreht werden kann/können.

Revendications

1. Navire conçu pour être utilisé à grande vitesse et sur
des mers houleuses ayant une coque simple longue
et mince avec un maître-�bau étroit et une proue plus
ou moins verticale (3), la moitié avant de la coque
ayant ainsi des côtés plus ou moins verticaux (19),
un évasement minimal des sections de proue et, en
direction de la proue (3), une augmentation du tirant
d’eau dans son axe central (5) combinée à une aug-
mentation plus ou moins similaire du franc-�bord, et
l’extrémité arrière (10) de la coque ayant un fond plat
ou légèrement en V avec une ou plusieurs hélices
(8) et/ou un ou plusieurs jets d’eau (14) servant de
moyens de propulsion, caractérisé en ce que  la
proue (3) a un rayon de congé (R) correspondant à
au moins 1 % du maître- �bau.

2. Navire selon la revendication 1, dans lequel le rayon
de congé (R) est inférieur à 4% du maître-�bau.

3. Navire selon la revendication 1 ou 2, dans lequel les
côtés (19) proches de la proue (3) forment un angle
aigu (α) inférieur à 40 degrés.

4. Navire selon la revendication 1, 2 ou 3, dans lequel
à l’extrémité arrière (10) de la coque, devant le gou-
vernail et les moyens de propulsion près de chaque
côté (19), au moins un aileron fixe plus ou moins
vertical (6 ; 12) est monté.

5. Navire selon la revendication 4, dans lequel les aile-
rons fixes (6 ; 12) font, en direction de la proue, un
angle (β) de 1 à 3 degrés par rapport à l’axe central
(5).

6. Navire selon l’une quelconque des revendications
précédentes, dans lequel la coque a, à l’extrémité
arrière (10) de la coque, des moyens de génération
d’une force réglable (7 ; 14) pour générer une force
ascendante et/ou descendante.

7. Navire selon la revendication 6, dans lequel lesdits
moyens de génération d’une force réglable sont for-
més par des buses (14) de jets d’eau.

8. Navire selon la revendication 6, dans lequel, à l’ex-
trémité arrière (10) de la coque, devant le gouvernail
et les moyens de propulsion près de chaque côté
(19), au moins un aileron fixe plus ou moins vertical
(6 ; 12) est monté et lesdits moyens de génération
d’une force réglable comprennent au moins un aile-
ron plus ou moins horizontal (7) fixé sur les ailerons
fixes près de leur profondeur maximale perpendicu-
lairement à l’axe central du navire et le ou les ailerons
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horizontaux peuvent tourner autour de leur axe lon-
gitudinal.
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