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Description

[0001] The presentinvention relates to a keel assem-
bly configured for mounting in a hull of a sailing boat for
providing stability and directional guidance to said sailing
boat. In addition, the invention relates to a boat compris-
ing such keel assembly.

[0002] Sailing yachts and boats employ the wind, act-
ing on the sails, to propel the sailing yacht on the surface
of the water. The direction of sailing can be determined
based on a balance of forces between the wind acting
on the sails and forces acting on a structural element of
the yacht protruding below the surface of the water. The
wind causes an aerodynamic sail force on the sails, com-
prising of a sail side force component and a sail thrust
component. The sail thrust component causes the sailing
boat to propel forward. The sail side force component
causes the boat to drift downwind, this is typically known
as the leeward direction. Thus the boat tends to drift off
a course set by the captain. The water causes a hydro-
dynamic force on the structural element, comprising a
hydrodynamic lift force component and a board drag
component. The hydrodynamic lift force component aims
to counteract the aerodynamic sail side force. In other
words, the structural element counteracts the leeward
force of the wind acting on the sails, such that a sideways
motion of the sailing yacht is minimized. A secondary
purpose of the structural element is to provide ballast,
such that the stability of the yacht is improved whilst sail-
ing. Such structural elements are typically known as
keels.

[0003] Keels are typically bolted to the hull of the yacht
or may be integrated in the hull of a yacht, such that they
are formed in a single piece together with the hull. They
are typically formed with a higher weight than necessary
for the construction of such keels. In the context of the
application the wording heavy and/or higher weight is
defined as comprising more weight than necessary for
the construction of an element. For example, a heavy
keel is a keel having more weight than necessary for the
construction of said keel. Because the yacht comprises
aheavy keel, the centre of gravity of the yacht is relatively
low, which improves the stability of the yacht. Therefore
the yacht is allowed to carry more sail, this improves the
performance of the sailing yacht. In practice such keels
have a weightdependent on the size of the yacht. A yacht
of 10m has a fixed keel with a weight of about 1650kg,
a yacht of 14m has a keel with a weight of about 3875kg,
etc. In other words, a ratio of the weight of the yacht to
the weight of the fixed keel, i.e. a ballast ratio, varies from
20% to 45%. The ballast ratio is typically about 30%.
[0004] A disadvantage of a fixed keel is that the fixed
keel increases the draft of the hull of the yacht. In other
words, a yacht with a fixed keel protrudes much deeper
inthe water than a yacht without a fixed keel. This reduces
the sailing area in which a yacht may sail. In practice, a
yacht with a fixed keel may not sail or moor in shallow
areas.
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[0005] A centreboard is a structural element which is
typically retractable and which serves a similar purpose,
i.e. limiting drift, as a keel. The retractability of the cen-
treboard allows the centreboard to be raised, such that
the sailing boat may sail or moor in shallow waters. A
centreboard typically comprises a limited width and a
high aspect ratio, which is the ratio of the length of the
centreboard to its mean chord. In other words, a centre-
board typically has an elongated shape. The centreboard
is typically a slim element in order to reduce drag in the
water. Because the centreboard has an elongated shape
and is typically slim, the centreboard does not comprise
a weight higher than necessary for the construction of
the centreboard.

[0006] A disadvantage ofacentreboardisthatthe cen-
tre of gravity of the sailing boat with a centreboard is
relatively high compared to the centre of gravity of a com-
parable sailing boat with a keel. Because the centre of
gravity is relatively high, the righting effect - the effect
which keeps the boat substantially upright - is sub-opti-
mal. Therefore more internal ballast is needed to obtain
a similar stability compared to a boat with a fixed keel.
The extra weight reduces the performance of the yacht.
[0007] US1118360 describes a retractable keel. Said
retractable keel is mounted at least partially in the hull of
the yacht and may be lowered and raised from the hull
into or from the water. A sailing yacht or boat with a re-
tractable keel has a suboptimal performance.

[0008] Itisan object of the presentinvention to improve
the performance of a sailing yacht or boat with a retract-
able keel.

[0009] The invention provides for this purpose a keel
assembly configured for mounting in a hull of a sailing
boat for providing stability and directional guidance to
said sailing boat, wherein the keel assembly comprises:

- akeel mounted on a keel shaft such that the keel is
rotatable through a keel opening between aretracted
position and an extended position wherein the keel
protrudes substantially downward from the hull,

- akeel opening cover configured such that it covers,
in a cover position, at least part of the keel opening
when the keel is in the extended position.

[0010] Theinventionisbasedontheinsightthatalarge
opening in hull affects the performance of the sailing boat.
However the skilled person will appreciate that the length
and weight of a keel otherwise positively effect the per-
formance of a sailing boat. A keel opening provided in
the hull of a boat allows a keel to rotate through the keel
opening. The keel opening is situated at the bottom of
the hull. By covering the keel opening with a keel opening
cover, the hydrodynamic streamline of the hull is im-
proved, thereby reducing drag and turbulence. Hence
the performance of the ship, when sailing with extended
keel, is improved. In other words, water is no longer al-
lowed to enter the hull of the ship which would substan-
tially slow down the movement of the sailing boat. An
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additional advantage is that by providing a keel which is
retractable, the draft of a sailing boat may be reduced or
increased depending on the location where the yacht is
sailed. For example, the sailing yacht may be sailed or
moored in shallow areas as well as deep areas of a sea
or lake. Itis a further additional advantage of the assem-
bly of the invention that the stability of the sailing boat is
increased by providing a substantially heavy keel, there-
by allowing the sailing yacht to carry more sail thus im-
proving performance. Yet another advantage is based
on the insight that the stability that is required when sail-
ing, is much higher than the stability that is required when
the yacht is motoring towards a port. Hence the sailing
yacht with the assembly of the invention may moor in a
shallow port and sail in the deep waters around the port.
Yet another advantage of the assembly according to the
invention is thatalonger and thus deeper keel has proven
to be more optimal for the performance of the yacht. This
is due to the improved hydrodynamic performance of a
yacht with a long keel. In other words, the keel assembly
according to the invention combines the advantages of
a fixed keel with the advantages of a centreboard, without
performance reduction.

[0011] Preferably, the keel opening cover is moveably
coupled to the keel by a connection, the connection being
configured such that the rotation of the keel to said ex-
tended position causes the keel opening cover to be
moved to said cover position. By coupling the keel to the
keel opening cover, via a connection, the keel opening
cover is moved to its cover position along with the move-
ment of the keel. Thereby the amount of additional struc-
tural and actuating means needed is reduced in order to
move the keel opening cover.

[0012] Preferably, the connection comprises a cover
shaft and wherein an upper end of the keel is coupled to
a front portion of the keel opening cover via the cover
shaft. Because only a small portion of the keel is con-
nected inside the hull, a substantially larger portion of the
keel is allowed to rotate in and out of the hull. Thus, when
the keel is in the extended position, said substantially
larger portion of the keel protrudes from the hull, thereby
providing a large contact surface upon which the hydro-
dynamic forces may act. This improves the performance
of the sailing yacht.

[0013] Preferably, the connection is further configured
such that the rotation of the keel from the extended to
the retracted position moves the keel cover from the cov-
er position to an open position. When the keel of the
sailing yacht hits a shallow area or a rock protruding from
the sea bottom, the keel is rotated in the direction of the
keel opening cover, towards the retracted position of the
keel. The keel induces the keel opening cover, via the
connection, to move away from the cover position. In this
way, the keel opening cover is moved out of the way of
the rotating keel in order to prevent damages to the keel
and the keel opening cover.

[0014] Preferably, when the keel is in the retracted po-
sition, the keel is substantially enclosed by the hull. When
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the sailing yacht is sailing downwind, which is the term
used when the sailing yacht is sailing at 180° of the di-
rection of the wind, a centreboard would typically be re-
tracted. Otherwise the centreboard would only cause a
board drag force in the water, thereby reducing the per-
formance of the sailing yacht. By retracting the keel to
the retracted position, wherein itis substantially enclosed
by the hull, the keel is at least partly removed from the
water. Thereby substantially reducing the board drag
force component or even completely eliminating said
board drag force component. Thus the performance of
the sailing yacht is improved. Another advantage is that
the draft of the sailing boat is reduced. Because the draft
of the sailing boat is reduced, the depth of the water in
which a sailing boat may sail is reduced. Therefore the
sailing yacht with a retracted keel can sail in shallower
water than a sailing boat with a fixed keel. This increases
the area in which a sailing boat may sail. Yet another
advantage is that when a sailing boat runs dry - which is
the term used when the sailing yacht hits a sand bank or
rests on the sea floor when the tide is out, i.e. the water
level is low - a sailing boat with a fixed keel would by
tipped on its side. When the tide comes back in, i.e. the
water starts to rise again, the boat might not set it self
upright anymore and sink or the tipping might even have
caused irreparable damage. Because the keel is sub-
stantially enclosed by the hull a sailing boat substantially
rests on the sea floor with its hull rather than the keel.
Therefore the tendency of the boat to tip is reduced when
the boat runs dry and damage is prevented.

[0015] Preferably, the keelassembly further comprises
a keel housing which encloses the keel at least partly in
the retracted position. By enclosing at least part of the
keel in the retracted position, water, which would other-
wise splash upwardly into the hull of the boat when sail-
ing, is not allowed to enter the hull. Thereby the intake
of water is reduced when sailing, maintaining the per-
formance of the sailing boat during sailing.

[0016] Preferably, the keel housing comprises said
keel opening. By providing the keel housing with the keel
opening, the keel is allowed to rotate between the retract-
ed position and the extended position.

[0017] Preferably, the keel shaft is arranged at a front
segment of the keel housing. In this way, the keel shaft
is automatically rotated to a retracted position, or there
in between, when the keel hits sediment or the sea bot-
tom. Thus permanent damage is avoided or the sailing
speed is maintained.

[0018] Preferably, a slotis provided in the keel housing
and guiding pins are mounted on the keel opening cover,
wherein the slot is configured for guiding the guiding pins
such that the keel opening cover is controllably moved
between said open and cover position. The orientation
of the keel opening cover, relative to the sailing boat, is
maintained even in rough conditions. This ensures to al-
ways cover the keel opening in a sufficient way. The keel
opening cover sufficiently closes the keel opening, even
when the sailing boat is rocking heavily. This improves
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the reliability of the assembly.

[0019] Preferably,the keel assembly further comprises
an actuator being connected to the keel and wherein the
actuator is configured for rotating the keel between said
retracted and extended position. The keel is rotated be-
tween the retracted and extended position by the actua-
tor. This allows a user to position the keel in a desired
position via the actuator, without manually lifting or posi-
tioning the keel.

[0020] Preferably, the keel opening cover is arranged
above an upper end of the keel when the keel is in the
retracted position. Tests have shown that this arrange-
ment allows the keel to be accommodated in a simple
manner.

[0021] Preferably, a surface area of the keel opening
cover is substantially the same as a remaining surface
area of the keel opening when the keel is in the extended
position. The streamline of the hull is maintained and
performance is improved by covering substantially the
same surface area as the remaining surface area. In oth-
erwords, only a small portion of surface area, not covered
by the keel opening cover, causes drag in the water.
[0022] Preferably, the keel has a weight greater than
1500kg, preferably greater than 2500kg, more preferably
greater than 3000kg, most preferably greater than
5000kg. The stability of the boat with a heavy keel is
improved, such that it may carry additional sail. This im-
proves the performance of the sailing boat.

[0023] The invention further provides a sailing boat
comprising a keel assembly as described above.
[0024] Preferably, the sailing boat comprising the keel
assembly has a ballast ratio preferably larger than 15%,
more preferably larger than 20%, most preferably larger
than 25%. The ballast ratio is preferably smaller than
55%, more preferably smaller than 48%, most preferably
smaller than 40%.

[0025] The advantages of the keel assembly apply,
mutatis mutandis, to the sailing boat comprising the keel
assembly.

[0026] The accompanying drawings are used to illus-
trate presently preferred non-limiting exemplary embod-
iments of devices of the present invention. The above
and other advantages of the features and objects of the
invention will become more apparent and the invention
will be better understood from the following detailed de-
scription when read in conjunction with the accompany-
ing drawings, in which:

Figure 1 is a schematic representation of a known
sailing yacht;

Figure 2 is a top view representation of a sailing boat
wherein a force equilibrium is shown;

Figure 3 is a rear view representation of a sailing
boat wherein a force equilibrium acting on the sailing
boat is shown;

Figure 4 is a schematic representation of an embod-
iment of the keel assembly according to the invention
in a longitudinal section along the longitudinal direc-
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tion of a sailing yacht, wherein the retractable keel
is in an extended position;

Figure 5 is a schematic representation of an embod-
iment of the keel assembly according to the invention
in a longitudinal section along the longitudinal direc-
tion of a sailing yacht, wherein the retractable keel
is in a retracted position;

[0027] For the sake of argument, portions of elements
from the invention defined in the description are defined
relative to a longitudinal section of the boat when the keel
is in the extended position.

[0028] Figure 1 shows a sailing yacht 100 comprising
ahull 101. The hull 101 is a watertight body of the sailing
yacht 100. The line where the hull meets the water sur-
face is defined as the water line. The yacht 100 comprises
a fixed keel 137, wherein the fixed keel 137 is integrated
in the hull 101. The yacht 100 may also comprise a fixed
keel 137 that is bolted to the hull 101. In this case, the
design of the fixed keel 137 may be so that the fixed keel
is compatible with the streamline of the yacht 100. The
fixed keel 137 is positioned in a central position of the
hull and is integrated in a bottom portion of the hull 101.
The hull 101 is substantially streamlined and comprises
a bottom portion which is substantially flat, such that the
sailing boat 100 may glide on the water. The bottom por-
tion of the hull is defined as the portion of the hull of the
boat below by the water line excluding the keel. The fixed
keel 137 projects from the hull 101, substantially down-
ward in the water. The fixed keel has a surface relative
to the surface area of a sail 103 such that an aerodynamic
leeward force caused by the wind acting on the sails 103
of the sailing boat 100 is at least partially compensated
by the hydrodynamic lift force caused by the pressure
difference across a leeward and windward surface area
of the fixed keel.

[0029] Figure 2 shows a top view of a sailing boat. The
arrows 104 indicate an apparent wind direction acting on
the sails 103 of the yacht. The arrows 105 indicate the
relative flow of water. The boat 100 comprises a centre
line 107, indicating the centre of the sailing boat, seen in
a longitudinal direction of the boat. The boat 100 sails in
a direction 106. The sailing direction 106 is defined by a
leeway angle, y, between the centre line 107 of the sailing
boat and the sailing direction 106. The wind 104 acting
on the sails 103 generates an aerodynamic sailing force
108. The aerodynamic sailing force 108 decomposes in
a sail side component 109, substantially perpendicular
to the sailing direction 106, and an aerodynamic sail trust
component 110. The figure furthermore shows a hydro-
dynamic force 111 acting on the keel 102 of the yacht
100. The hydrodynamic force 111 decomposes in a hy-
drodynamic lift component 113 and a hydrodynamic
board drag component 112. As for an airplane wing, the
difference of pressure resulting from unequal velocity of
the water 105 circulating on each side of the keel creates
a hydrodynamic lift component 113. The hydrodynamic
board drag component 112 is perpendicular to the hy-
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drodynamic lift component and is opposite to the sailing
direction 106. The hydrodynamiclift component 113 aims
to counteract the sail side component 109, such that the
leeward motion of a yacht is substantially countered. For
example, the boat will drift slightly in the leeward direc-
tion, at the leeway angle, y. This leeward motion of the
yacht is defined by the movement from the yacht, from
a first location to a second location in the direction of the
wind. The boat will also sail substantially forward be-
cause the aerodynamic sail trustcomponent 110 is larger
than the hydrodynamic board drag component 112. The
shape and size of the keel has an effect on the perform-
ance of the sailing boat. The size is determined by the
length and the chord of the keel. This is typically defined
by an aspect ratio, i.e. the ratio of the length and the
chord. Preferably the aspect ratio is high, in other words,
the aspect ratio is more than 2/1, preferably more than
4/1, preferably more than 6/1. This is based on the insight
that the chord, i.e. the width of the keel, is directly related
to the hydrodynamic board drag component. The keel
typically has a profiled cross-section, this term will be
discussed in a further figure, in order to reduce drag and
increase lift. A keel with a small chord and a long length
has a more pronounced curvature compared to a keel
with a large chord and a small length. Because the lift of
the keel is produced by a high pressure on the leeward
side and the low pressure of the windward side, the pres-
sures will meet at a trailing edge. The high pressure will
leak to the low pressure side and cause turbulence. Thus
the trailing edge creates less lift and creates drag. A keel
with a long chord and a small length will leak more than
akeelwith asmall chord and alonglength. In other words,
a keel with a larger chord compared to a keel with a small-
er chord causes more drag in the water than the keel with
the smaller chord. It will be clear to the skilled person,
that in order to achieve a size of the keel relative to the
size of the sail, it must comprise a length proportionate
to the width. Thus the aspect ratio is high in order to
obtain a good performance.

[0030] Figure 3 shows arear view of a sailing boat 100.
Wherein the aerodynamic sailing force 108 acts on the
sail 103 and the hydrodynamic sailing force 111 acts on
the keel 102. The aerodynamic sailing force 108 acts on
the sails 103 at a centre of effort 116 and causes a heeling
force 121. The heeling force 121 causes a heeling mo-
ment 135 around the centre line 107 of the boat. The
heeling force 121 is situated at a point, located at a dis-
tance D, from the centre of gravity 117 of the sailing boat.
A centre of hydrodynamic forces 118 is situated ata point,
located at a distance d from the centre of gravity 117 of
the sailing boat. Because the distance D is larger than
the distance d, the boat is heeled at an angle, a, between
a sailing mast axis 119 and a vertical axis 120. In other
words, the sailing boat does not sail upright. The heeling
effect, wherein the heeling force 121 causes the yacht
to not sail upright, negatively impacts the performance
of the sailing yacht 100 because the rounded edge por-
tion of the hull is immersed in the water. The effect is that
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the hull causes more drag in the water. While certain hull
designs take this effect into account, an additional effect
is that because the sailing boat 100 is inclined the thrust
of sailing boat is reduced because the effective area of
the sails upon which the wind may act is reduced. The
weight of the keel 102 aims to counteract said heeling
effect by substantially counteracting it with a righting ef-
fect. In an embodiment the keel 102 may also swing
round an axis (not shown), which is oriented in a longi-
tudinal direction of the sailing boat. In this way, the keel
102 may be swung in a direction such that the heeling
effect is countered.

[0031] The keel 102 comprises a heavy weight, which,
together with the weight of the sailing boat forms a centre
of gravity 117 of the sailing boat. A buoyancy force 115
is situated substantially offset from the vertical axis 120.
Itwill be clear that the buoyancy force 115 may be located
at different offsets from the vertical axis 120, depending
on the heeling angle, o.. For example, a boat sailing per-
pendicular to the wind will have heeling force 121 acting
on the sailing boat which is higher than a heeling force
acting on a boat sailing downwind from the wind. The
larger heeling force, when sailing perpendicular to the
wind, will cause the boat to heel more than when the
sailing boat is sailing downwind from the wind. Therefore
the boat sails at a larger heeling angle, i.e. more inclined.
Because the boat sails atalarger heeling angle, the buoy-
ancy force 115 when sailing perpendicular to the wind
will be situated more to the side of the hull, seen in a
lateral direction of the sailing boat. When the sailing boat
is sailing downwind from the wind the buoyancy force
115 will be situated close to or even on the mast axis
119. The buoyancy force 115 and the weight force 114
acting on the centre of gravity 117 form a force couple.
The force couple causes a righting effect 136, countering
the heeling effect 135, such that a smaller portion of the
rounded edge portion of the hull isimmersed in the water,
thereby reducing drag caused by the immersed rounded
edge portion of the hull. Thus the boat is inclined upward.
In this way, the performance of the yacht is improved. In
other words, the keel 102 improves the stability of the
sailing boat 100, such that it can sail closer to its upright
position, wherein the bottom portion of the hull glides
more optimal in the water, thereby improving the per-
formance of the sailing boat. Preferably, the centre of
gravity of the sailing boat is situated below the bottom
portion of the sailing boat.

[0032] Figure 4 shows a schematic perspective view
of an embodiment of the keel assembly according to the
invention. The figure shows particularly a cross-section
of the keel assembly 125 wherein the keel 102 is posi-
tioned in the extended position.

[0033] Thekeelassembly 125is mountedinthe bottom
portion of the hull 101 of a sailing boat 100, wherein the
keel 102 is mounted to a keel shaft 126, such that the
keelis rotatable. The keel comprises a leading edge, said
leading edge is the bottommost edge of the keel, when
the keel is in the retracted position. In other words, the
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leading edge is the part of the keel which first contacts
the water when sailing forward with the keel in the ex-
tended position. The keel furthermore comprises a trail-
ing edge, wherein said trailing edge is the uppermost
edge ofthe keel, when the keel is in the retracted position.
The keel 102 is shown as an object with an aerofoil
shaped cross-section. It will be clear to the skilled person
that any shape of the keel can be opted for depending
on the practical situation. For example, a wing keel or
bulb keel may be used. Typically a keel is symmetrical,
seen in a longitudinal direction of the cross-section of the
keel, such that forces acting on a keel are substantially
similar in a starboard tack position and a port tack posi-
tion. The skilled person will appreciate that, for example
when sailing with a catamaran, the keels may also be
non-symmetrical or that multiple keel assemblies may be
used. In said example each hull of the catamaran may
be fitted with a keel assembly comprising a keel. The
keel assembly 125 is preferably mounted in a central
position in the hull 101 of the sailing boat 100.

[0034] The keel shaftis mounted in a keel housing 127
at a front segment of the keel housing 127, such that the
keel shaftis rotatable. The front segment ofthe keel hous-
ing is defined as the first 25% of the keel housing 127
seen in the longitudinal direction of the sailing boat. The
skilled person will appreciate that different embodiments
are possible. For example, the keel shaft 126 may be
mounted on bearings comprised in the keel housing 127.
Alternatively, the skilled person will appreciate that, in
the embodiment shown in the figure, the keel 102 is
mounted in a keel housing 127, and that all manner of
practical embodiments can be opted for depending on
the practical situation. For example, the keel 102 may
also be mounted on a keel shaft 126, wherein said shaft
is mounted directly in the hull 101.

[0035] The keel 102 is shown in the extended position,
wherein the keel protrudes substantially downward from
the hull 101 through a keel opening 128. The keel opening
128 allows the keel 102 to rotate through the keel opening
128, when it is moved between the extended position to
the retracted position, as shown in figure 5, or vice versa.
The keel opening 128 furthermore allows the keel to pro-
trude from the hull 101. For example, when the boat hits
the sea bed, with the keel 102 in the extended position,
the keel 102 may at least partially rotate through keel
opening 128. The keel opening 128 is schematically
shown to be rectangular. It will be clear to the skilled
person that the keel opening 128 may have any form.
The keel opening 128 may, for example, be shaped such
that the keel 102 only narrowly passes through the open-
ing. In another example, the keel opening 128 may be
formed such that it substantially replicates the shape of
the keel. This would advantageously influence the
streamline of the bottom of the hull since the gap between
the keel and the hull would be smaller and narrower, thus
reducing the chance that water may slow down the boat.
The keel 102 may also be configured such that at least
a portion of the keel is rotatable along a longitudinal di-
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rection of the sailing boat, in order to counter the heeling
effect.

[0036] A keel opening cover 129 is shown to cover at
least part of the keel opening 128 when the keel 102 is
in the extended position. The keel opening cover 129
may be formed to narrowly fit in the keel opening 128 or
the shape of the keel opening cover 129 may substan-
tially replicate the shape of the keel opening. The figure
shows that a front portion of the keel opening cover 129
is situated close to the top portion of the keel 102, seen
in a longitudinal direction of the sailing boat. However it
will be clear to the skilled person that the keel opening
cover 129 may also be shaped to at least partially en-
compass the keel 102 when itis positioned in the retract-
ed position. Preferably, the keel opening cover 129 is
formed of a single part, however depending on the ap-
plication, may comprise a plurality of interconnected
parts forming the keel opening cover 128. The movement
of the keel opening cover 129 is described here below.
The keel 102 may also comprise a cover part such the
keel cover part (not shown) and the keel opening cover
129 cooperate to completely cover the keel opening 128.
[0037] The keel housing 127 is shown to be integrated
in the hull 101 of the sailing boat 100. The skilled person
will appreciate that the form of the keel housing 127 may
be adapted so that it saves space on the inside of the
hull 101. The keel housing 127 furthermore comprises
the keel opening 128, through which the keel 102 may
rotate and protrude. The keel opening 128 provided in
the keel housing 127 is considered to be indirectly a keel
opening 128 inthe hull 101. In other words, the keel hous-
ing 127 comprises an open side. In an alternative em-
bodiment (not shown) the keel assembly 125 is installed
in the hull 101 of a boat without the keel housing 127, a
keel opening 128 is to be provided in the hull 101. The
keel housing 127 is configured to be mounted in the hull
101 of the sailing boat 100.

[0038] It will be clear to the skilled person that the
weight of the keel 102 is relative to the total weight of the
sailing boat 101. For example, a small yacht may have
a keel of 500kg whilst a larger luxury sailing yacht may
have a keel of 1000kg. Preferably the weight of the keel
is more than 10% of the total weight of the sailing boat,
more preferably more than 20%, most preferably more
than 30% of the total weight of the sailing boat. In other
words, the sailing boat comprising the keel assembly may
have a ballastratio preferably larger than 15%, more pref-
erably larger than 20%, most preferably larger than 25%.
The ballast ratio is preferably smaller than 55%, more
preferably smaller than 48%, most preferably smaller
than 40%.

[0039] Figure 5 shows a schematic perspective view
of an embodiment of the keel assembly according to the
invention..

[0040] In particular figure 5 shows that the keel 102 is
positioned in the retracted position. The keel 102 is en-
closed by the keel housing 127. In other embodiments
(not shown), the keel 102 is at least partly enclosed by
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the keel housing 127. Preferably more than 50% of the
keelis enclosed by the keel housing 127, more preferably
more than 75%, most preferably more than 90%. In other
words, the keel housing 127 encloses at least part of the
keel 102. It will be clear to the skilled person, that when
the keel 102 is in the retracted position, the leading edge
of the keel may also protrude from the keel opening.
[0041] The keel 102 is moveably coupled to the keel
opening cover 129 by a connection 134. The connection
134 is embodied by an intermediate element. The con-
nection 134 couples the keel opening cover 129 to the
keel 102. When the keel 102 rotates, from the position
wherein it is retracted to a position wherein itis extended,
the keel opening cover 129 moves from an open position
to a closed position wherein the keel opening cover 129
covers the keel opening 128. The connection 134 is cou-
pled to an upper portion of the keel via a cover shaft 130.
The connection 134 is connected to a front portion of the
keel opening cover 129.

[0042] During the rotation of the keel 102, the keel
opening cover 129 is controllably moved between the
open and closed position by a slot 132 wherein guiding
pins 132, which are mounted to the keel opening cover
129, are guided. The guiding of the cover, in between
positions, ensures that the keel opening cover 129 is ly-
ing, relative to the hull, during the movement. Because
the keel opening cover 129 is connected on two positions,
the interaction between the connection 134 and the guid-
ing pins 132 causes the keel opening cover 129 to be
controllably lowered to the cover position, wherein it cov-
ers the keel opening cover. In this way, misalignment of
the keel opening cover 129 on the keel opening 128 is
avoided and the performance of the sailing boat 100 is
guaranteed. For example, the sea may be wild due to an
upcoming storm, wherein the waves may increase, rock-
ing the boat heavily. Even in such a scenario, the cover
may easily be moved to the closed position without the
need of additional means.

[0043] When the keel 102 of the sailing boat hits the
seabed, the keel 102 rotates, by the force exerted on the
keel 102 by the seabed, from the extended position to a
retracted position. The rotation of the keel 102 causes,
via the interaction of the connection 134 and the guiding
pins 132, the keel opening cover 129 to move to its open
position.

[0044] The keel assembly 125 further comprises an
actuator 133. The actuator 133 is connected to the keel
102 by a connection means, for example, the connection
means may be a rope, wire, cable, chain, shaft or belt.
The skilled person will appreciate that many different pos-
sibilities are applicable as connection means. The actu-
ator may be a hydraulic or pneumatic piston, winch, motor
or any other rotary actuator. The actuator is configured
for rotating the keel between the retracted and the ex-
tended position. Alternatively the actuator may also be
directly connected to the keel 102.

[0045] In an alternative embodiment (not shown) the
actuator may also be directly connected to the keel shaft
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126 such that the additional wire-like connection means
are avoided. Alternatively a gearbox may be provided in
between the actuator and the keel shaft 126, such that
the torque required by the actuatoris reduced. The skilled
person will appreciate that in said alternative embodi-
ment an overrunning clutch is preferred between the
gearbox and the actuator or the actuator and the keel
102 such that, when the keel 102 abruptly hits ground
and is rotated towards the hull, counter torque, provided
by the actuator, which would otherwise harmfully damage
the device, is avoided.

[0046] In yet another alternative embodiment (not
shown), the keel opening cover 129 comprises a plurality
of interconnected parts, wherein a first part of the keel
opening cover may be coupled to a first shaft, wherein
the first shaft extends in the longitudinal direction of the
keel opening 128, mounted at a lateral edge of the keel
opening 128. A second part of the keel opening cover
may be coupled to a second shaft, mounted at the op-
posite lateral edge of the keel opening 128. In this way,
a swing-door like cover is formed. The first and second
parts of the keel opening cover are situated in a substan-
tially upright position when the keel is in the retracted
position. When the keel 102 is in the extended position
the first and second part of the keel rotate, via the first
and second shaft, to a closed position wherein each of
the first and second part covers at least part of the keel
opening cover. Preferably each of the first and second
parts covers at least 30% of the keel opening 128, more
preferably at least 40%.

[0047] The keel opening cover 129 is arranged above
an upper end of the keel 102, when the keel is in the
retracted position. It will be clear that the keel opening
cover 129 may also rest on the keel.

[0048] It will be clear to the skilled person that the keel
102 may also be positioned in any intermediate position
between the retracted and extended position.

[0049] Based on the figures and the description, the
skilled person will be able to understand the operation
and advantages of the invention as well as different em-
bodiments thereof. It is however noted that the descrip-
tion and figures are merely intended for understanding
the invention, and not for limiting the invention to certain
embodiments or examples used therein. Therefore it is
emphasized that the scope of the invention will only be
defined in the claims.

Claims

1. A keel assembly (125) configured for mounting in a
hull (101) of a sailing boat for providing stability and
directional guidance to said sailing boat, wherein the
keel assembly (125) comprises:

- akeel (102) mounted on a keel shaft (126) such
that the keel is rotatable through a keel opening
(128) between a retracted position and an ex-
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tended position wherein the keel (102) protrudes
substantially downward from the hull (101);

- a keel opening cover (129) configured such
that it covers, in a cover position, at least part of
the keel opening (128) when the keel (102) is in
the extended position.

Keel assembly (125) according to claim 1, wherein
the keel opening cover (129) is moveably coupled
to the keel (102) by a connection (134), the connec-
tion (134) being configured such that the rotation of
the keel (102) to said extended position causes the
keel opening cover (129) to be moved to said cover
position.

Keel assembly according to the previous claim,
wherein the connection comprises a cover shaft
(130) and whereinan upper end ofthe keel is coupled
to a front portion of the keel opening cover (129) via
the cover shaft (130).

Keel assembly according to claim 2 or 3, wherein
the connection is further configured such that the
rotation of the keel (102) from the extended to the
retracted position moves the keel opening cover
(129) from the cover position to an open position.

Keel assembly according to any one of the previous
claims, wherein when the keel (102) is in the retract-
ed position, the keel (102) is substantially enclosed
by the hull (101).

Keel assembly according to any one of the previous
claims, further comprising a keel housing (127)
which encloses the keel (102) at least partially in its
retracted position.

Keel assembly according to claim 6, wherein the keel
housing (127) comprises said keel opening (128).

Keel assembly according to the previous claims,
wherein the keel shaft (126) is arranged at a front
segment of the keel housing (127).

Keel assembly according to any one of the claims 6
to 8, wherein a slot (131) is provided in the keel hous-
ing (127) and guiding pins (132) are mounted on the
keel opening cover (129), wherein the slot (131) is
configured for guiding the guiding pins (132) such
that the keel opening cover (129) is controllably
moved between said open position and cover posi-
tion.

Keel assembly according to any one of the previous
claims, further comprising an actuator (133) being
connected to the keel and wherein the actuator (133)
is configured for rotating the keel between said re-
tracted and extended position.

10

15

20

25

30

35

40

45

50

55

1.

12.

13.

14.

15.

Keel assembly according to any one of the previous
claims, wherein the keel opening cover (129) is ar-
ranged above an upper end of the keel (102) when
the keel (102) is in the retracted position.

Keel assembly according to anyone of the previous
claims, wherein a surface area of the keel opening
cover (129) is substantially the same as a remaining
surface area of the keel opening (128) when the keel
is in the extended position.

Keel assembly according to any one of the previous
claims, wherein the keel has a weight greater than
1500kg, preferably greater than 2500kg, more pref-
erably greater than 3000kg, most preferably greater
than 5000kg.

A sailing boat comprising a keel assembly according
to anyone of the previous claims.

The sailing boat according to the previous claim,
wherein a ballast ratio is preferably larger than 15%,
more preferably larger than 20%, most preferably
larger than 25% and is preferably smaller than 55%,
more preferably smaller than 48%, most preferably
smaller than 40%.
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