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WATERCRAFT STABILIZATION APPARATUS
FIELD OF THE INVENTION

The present invention relates generally to apparatus and methods for stabilizing

watercraft, and particularly to finned apparatus for stabilizing watercraft against roll.
BACKGROUND OF THE INVENTION |

Many systems for stabilizing watercraft, such as during pitch and roll, are
imown. The prior art patent literature describes finned apparatus for stabilizing watercraft
against roll. United States Patents 3,896,755 and 4,061,102, British Patent 1,492,905, Russian -
Patent 524731, Norwegian Patent 7401864 and French Patent 2,282,364 are believed to be
representative of the art. _

SUMMARY OF THE INVENTION |

The present invention seeks to provide novel finned apparatus for stabilizing
watercraft against roll.

There is thus provided in accordance with a preferred embodiment of the
present invention stabilization apparatus for a watercraft having a hull, including at least one
hydrofoil with a leading edge and a trailing edge, the edges defining a chord extending
therebetween, the at least one hydrofoil being mounted below an underside of the hull and
arranged for rotation about an axis that is generally perpendicular to the chord and directed
towards the underside of the hull, and control apparatus that rotates the at least one hydrofoil
about the axis in response to roll of the watercraft so as to stabilize the watercraft against the
roll. Preferably the axis passes generally through the chord’s center.

In accordance with a preferréd embodiment of the present invention the at least
one hydrofoil has cambered side surfaces extending from the leading edge to the trailing edge.
Additionally or alternatively the at least one hydrofoil has cambered upper and lower surfaces
extending from the leading edge to the trailing edge.

Further in accordance with a preferred embodiment of the present invention the
control apparatus includes a clinometer that measures roll of the watercraft and the control
apparatus receives data from the clinometer and rotates the at least one hydrofoil about the
axis in response to the data.

Still further in accordance with a preferred embodiment of the present invention
the control apparatus includes a processor that calculates a steady state roll angle of the

watercraft and a time derivative of an angle of roll of the watercraft about the steady state roll
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angle, and the control apparatus rotates the at least one hydrofoil about the axis in response to

the time derivative. _ |

Additionally in ‘accordance with 2 preferred- embodiment of the present
invention the control apparatus rotates the at least one hydrofoil to at least one predetermined
discrete angular position about the axis.

In accordance with a preferred embodiment -of the present invention the control

apparatus is vibration-isolated mounted to a portion of the watercraft.

The hydrofoil maf be mounted on any portion of a keel of the watercraft, such -
as in front of the keel, aft of the keel, on a starboard or port surface of the keel, or underneath
the keel.

Further in accordance with a preferred embodiment of the present jnvention the
at least one hydrofoil is additionally gimbaled for rotation al_ﬁq_ixt a fore-and-aft axis of the
watercraft, |

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated more fully from the

following detailed description, taken in conjunction with the drawings in which:

Fig. 1 is a sirtipliﬁed pictorial illustration of a- watercraft with stabilization
apparatus, constructed and operative in accordance with a preferred embodiment of the present
invention; | .
- Fig. 2 is-a simplified pictorial illustration of the stabilization apparatus of Fig. 1;
Fig. 3 is a simplified pictorial illustration of a hydrofoil of stabilization apparatus
constructed and operative in accordance with another preferred embodiment of the preéerrr
invention; B

Figs. 4 and 5 are simplified pictorial illustrations of different mounting
conﬁguratrons of the stabilization apparatus of the present invention on a keel of a watercraft;

Figs. 6 and 7 are simplified pictorial |llustrauons of stabilization apparatus
constructed and operative in accordance with yet another preferred embodiment of the present
invention; and

Fig. 8A is a simplified graph of roll angle and time derivative of roll angle as
measured and calculated by the stabilization apparatus of the present invention;

Fig. 8B is a simplified graph of the--correctir/e angular movement of the

hydrofoil of the stabilization apparatus of the present invention with respect to time;
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Fig. 8Cisa smphﬁed graph of corrective angular movement of the hydrofoil of

the stabilization apparatus oF the present invention with respect to time, the hydrofoil being

rotated to at least one predetermined discrete angular position.
DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Reference is now made to Fig. 1 which illustrates a watercraft 10 with

stabilization apparatus 12, constructed and operative in accordance with a preferred

embodiment of the present invention. Watercraft 10 may be any kind of boat or ship with a
water-contacting body or hull 14, and preferably, although not necessarily, has a keel 16 as -
well.

Reference is now made to Fig. 2 which illustrates stabilization apparatus 12.
Stabilization apparatus 12 includes at least one hydrofoil 20 with a leading edge 22 and a
trailing edge 24 that define a chord 26 extending therebetween. Hydrofoil 20 is mounted below
an undersidé 28 (Fig. 1) of hull 14 and arranged for rotation about an axis 30. Axis 30 is.
generally perpendicular to chord 26 and directed towards underside 28 of hull 14, Preferably
axis 30 passes through the center of chord 26, thereby substantially eliminating any moments
being imparted to hydrofoil 20 during rotation thereof about axis 30. As seen in Figs. 1 and 2,
hydrofoil 20 is mounted aft of keel 16 and fixedly attached thereto, such as by means of a plate
32 affixed to keel 16. Other alternative mounting configurations of hydrofoil 20. will be.
described hereinbelow. _

Preferably control apparatus 40 is provided for rotating hydrofoil 20 about axis
30. Control apparatus 40 preferably includes a clinometer 42 that measures roll of watercraft
10. Clinometer 42 may be any type of instrument responsive to changes in angle, encompassing
such simple instruments as a pendulum or more sophisticated equipment such as an electronic
clinometer. Clinometer 42 preferably has an output transducer 44, such as a potentiometer,
that transmits angle information to a control processor 46. Control processor 46 uses the data
received from clinometer 42 and rotates hydrofoil 20 about axis 30 in response to the data,
preferably by means of a pair of above-deck and below-deck actuators 48 and 50, respectively.
Clinometer 42, control processor 46 and actuator 48 preferably operate in a closed control
loop system. Actuators 48 and 50 may be any type of mechanical, electrical/electronic,
pneumatic or hydraulic actuator. Preferably actuator 48 is coupled to actuator 50 by means of
cables 52, although any other suitable method of coupling, such as gearing or push/pull rods,
may be used so that movement of actuator 48 causes a corresponding movement of hydrofoil

20.
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Preferably one or more components of control apparatus 40, such as clinometer

42 or control processor 46, for example, is vibration-isolated mounted to a portion. of

watercraft 10, such as by means of vibration isolators or shock mounts 54. A power supply 56,

such as a battery, preferably powers any or all of the components of control apparatus 40.
Reference is now made to Fig. 3 which illustrates hydrofoil 60, constructed and

operative in accordance with: another preferred embodiment: of the present invention, and

.which may be used in place of hydrofoil 20 described hereinabove. Hydrofoil 60 has a leading

edge 62 and a trailing edge 64 that define a chord 66 extending therebetween. Hydrofoil 60 is -
arranged for rotation about axis 30 and may rotated thereabout by cables 52 of control

apparatus 40 (Fig. 2). Axis 30 is generally perpendicular to chord 66 and preferably passes

through the center of chord 66. g .

Hydrofoil 60 preferably has cambered side surfaces 72 and 74 extending from
leading edge 62 to trailing edge 64. Optionally, hydrofoil 60 additionally has cambered uppef
and lower surfaces 76 and 78, respectively, extending from leading edge 62 to trailing edge 64.
The cambered surfaces give hydrofoil 60 a hydrodynamic shape that reduces drag.

Hydrofoil 20, as shown in Fig. 1, is attached aft of keel 16. Reference is now
made to Figs. 4 and 5 which illustrate different mounting configurations of the stabilization
apparatus of the present invention underneath hull 14 of watercraft 10. Fig. 4 illustrates
mounting hydrofoil 60 in front of keel 16, while Fig. 5 illustrates mounting a pair of hydrofoils
60 on the port and starboard sides of keel 16. It is appreciated.that any other suitable
combination of hydrofoils 20 or 60 is within the scope of the present invention.

Reference is now made to Figs. 6 and 7 which illustrate stabilization apparatus
100 constructed and operative in accordance with yet another preferred embodiment of the
present invention.

Stabilization apparatus 100 preferably includes a pair of hydrofoils, such as
hydrofoils 20 or 60, mounted underneath hull 14 of watercraft 10. In addition to each hydrofoil
being arranged for rotation abo_u_i axis 30, the hydrofoils are pivotally mounted on a gimbal 102
fixedly attached to keel 16, such that the hydrofoils may be rotated by actuator 50 (not éhown
in Figs. 6 and 7) about a fore-aﬁd-aﬂ axis 104.

The operation. of stabilization apparatus 12 will now be described with
reference to Figs. 84, 8B and 8C, in accordance with a preferred embodiment of the present
invention. Preferably control processor 46 (Fig. 2), calculates a steady state roll angle o of

watercraft 10 by taking into consideration such factors as size of watercraft 10, load, area of
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sails (if applicable), sailing direction, strength and direction of wind, inter alia. Control
apparatus 46 also calculatéié:%:éi?f'time derivative do/dt of an angleof roll of watercraft 10 about
steady state roll angle o, due to the unstable motion of watercraft 10 in the water which may
be regular or irregular. As seen in Fig. 84, a roll angle o; is measured, such as by clinometer 42

(Fig. 2), at three points in time T, T2-and T;. These points in time are preferably chosen to

cover a typical period of roll movement of watercraft 10, such as 2 seconds, corresponding to

a roll frequency of 0.5 Hz. The average of the roll angles o; measured at T;, T; and T;
provides the steady state roll angle. Control apparatus 46 then preferably rotates hydrofoil 20
or 60 about axis 30 in response to the calculated time derivative da/dt. Fig. 8B illustrates a
typical graph of the corrective angular movement of hydrofoil 20 or 60 about axis 30 with
respect to time.

Alternatively, as shown in Fig. 8C, control apparatus 46 may rotate hydrofoil
20 or 60 to at least one predetermined discrete angular position about axis 30. For example,
actuators 48 and 50 may be step motors that rotate hydrofoil 20 or 60 in step-like fashion to
one of three angles, designated +1, 0 and -1, with 0 corresponding to no rotation about axis
30. The amount of time hydrofoil 20 or 60 remains at any of the discrete angles determines the
amount of roll correction.

It will be appreciated by persons skilled in the art that the present invention is
not limited by what has been particularly shown and described hereinabove. Rather the scope
of the present invention includes both combinations and subcombinations of the features
described hereinabove as well as modifications and variations thereof which would occur to a
person of skill in the art upon reading the foregoing description and which are not in the prior

art.
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CLAIMS
What is claimed is:
1. Stabilization appafatus for a watercraft having a hull, comprising:

at least one hydrofoil with a leading edge and a trailing edge, the edges defining

a chord extending therebetween, said at least one hydrofoil being mounted below an underside

of said hull and arranged for rotation about an axis that is generally perpendicular to said chord .
and directed towards said underside of said hull; and

control. apparatus that rotates said at least one hydrofoil about said axis in-

response to roll of said watercraft so as to stabilize said watercr__aﬁ against said roll.

2. Apparatus according to claim 1 wherein said axis passes generally through the
chord’s center.

3. Apparatus according to claim 1 wherein said at least one hydrofoil has
cambered side surfaces extending from said leading edge to said trailing edge. .
4, Apparatus acco_r:ding to claim 1 wherein said at least one hydrofoil has
cambered upper and lower surféées extending from said leading'e_dge to said trailing edge.

5. - Apparatus according to claim 1 wherein said control apparatus comprises a
clinometer that measures roll of said watercraft and said control apparatus receives data from
said clinometer and rotates said at least one hydrofoil about said axis in response to said data.
6. Apparatus accofding to claim 1 wherein said control apparatus comprises a
processor that calculates a steadgl. state roll angle of said watercraft and.a time derivative of an
angle of roll of said watercraft about said steady state roll angie, and said control apparatus
rotates said at least one hydrofoil about said axis in response to spid time derivative. '

7. Apparatus according to claim 1 and wherein said control apparatus rotates said
at least one hydrofoil to at least one predetermined discrete angular position about said axis.

8. Apparatus according to claim 1 and wherein said control apparatus is vibration-

" isolated mounted to a portion of said watercraft.

9. Apparatus according to claim 1 and wherein said at least one hydrofoil is
mounted on a portion of a keel of said watercraft.
10. Apparatus according to claim 9 and wherein said at least one hydrofoil is

mounted in front of said keel.
11. ‘Apparatus according to claim 9 and wherein said at least one hydrofoil is

mounted aft of said keel.

W
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12 Apparatus according to claim 9 and wherein said at least one hydrofoil is
mounted on at least one of astarboard surface and a port surPace ‘of said keel.
13. Apparatus according to claim 1 and wheréin said at least one hydrofoil is
additionally gimbaled for rotation abdut a fore-and-aft axis of said watercraft.
14. A watercraft comprising:

a hull;

at least one hydrofoil with a leading edge and a trailing edge, the edges defining
a chord extending therebetween, said at least one hydrofoil being mounted below an underside
of said hull and arranged for rotation about an axis that is generally perpendicular to said chord
and directed towards said underside of said hull; and

control apparatus that rotates said at least one hydrofoil about, said axis in
response to roll of said watercraft so as to stabilize said watercraft against said roll.
15. A watercraft according to claim 14 wherein said axis passes generally througfx
the chord’s center.
16. Apparatué according to claim 14 wherein said at least one hydrofoil has
cambered side surfaces extending from said leading edge to said trailing edge.
17. Apparatus according to claim 14 wherein said at least one hydrofoil has
cambered upper and lower surfaces extending from said leading edge to said trailing edge.
18. A watercraft according to claim 14 wherein said control apparatus comprises a
clinometer that measures roll of said watercraft and said control apparatus receives data from
said clinometer and rotates said at least one hydrofoil about said axis in response to said data.
19. A watercraft according to claim 14 wherein said control apparatus comprises a
processor that calculates a steady state roll angle of said watercraft and a time derivative of an
angle of roll of said watercraft about said steady state roll angle, and said control apparatus
rotates said at least one hydrofoil about said axis in response to said time derivative.
20. Apparatus according to claim 14 and wherein said control apparatus rotates
said at least one hydrofoil to at least one predetermined discrete angular position about said
axis.
21. Apparatus according to claim 14 and wherein said control apparatus is
vibration-isolated mounted to a portion of said watercraft.

2. Apparatus according to claim 14 and wherein said at least one hydrofoil is

T c L M S *

mounted on a portion of a keel of said watercraft.
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23. Apparatus according to claim 22 and wherein said at least one hydrofoil is

mounted in front of said keel.

24. Apparatus according to claim 22 and wherein said at least one hydrofoil is
mounted aft of said keel.

25. Apparatus according to claim 22 and wherein said at least one hydrofoil is

mounted on at least one of a starboard surface and a port surface gf said keel.

26. Apparatus accogding to claim 14 and wherein- séid at least one hydrofoil is

additionally gimbaled for rotatio_h about a fore-and-aft axis of sai;i watercraft.
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AMENDED CLAIMS
[received by the Inteinational Bureau on 18 November 1998 (18.11.98);
original clauns 1-26 replaced by amended claims 1-18 (3 pages)]

What is claimed is:
1. Stabilization apparatus (12) for a watercraft (10) baving a hull ( 14), comprising:
at least one hydrofoil (20, §0) with a leading edge (22, 62) and & trailing edge
s (24, 64), the edges (22, 24, 62, 64) defining 2 chord (26, 66) extending thercbetween, said at
least one hydrofoil (20, 60) being mounted below an underside of said hull (14) and arranged
for rotation about an axis (30) that is generally perpendicular to said chord (26, 66) and
dnrected towards said underside of said hull (14); and
characterized by control apparatus . (40) comprising a processor (46) that
10  calculates a steady state roll angle of said watercraft (10) and a time derivative of an angle of
roil of said watercraft (10) about said steady state roll angle, wherein 2 zero roll angle
corresponds to an upright position of the watercraft (10), said control apparatus (40) rotating
said at least one hydrofoil (20, 60) about said axis (30) in response to said time derivative so as
to stabilize said watercraft (10) about said steady state roll angle which does not necessarily
15 correspond to the upright position of the watercraft (10).

2 Apparatus (12) according to claim 1 wherein said axis (30) passes generally
through the center of the chord (26, 66).

3. Apparatus (12) according to claim 1 wherein said at least one hydrofoil (50) has
cambered side surfaces (72, 74) extending from said leading edge (62) to said trailing edge

20 (64). _

4. Apparatus (12) according to claim 1 wherein said at least one hydrofoil (60) has
cambered upper and lower surfaces (76, 78) extending from said leading edge (62) to said
trailing edge (64). :
5, Apparatus (12) according to claim 1 wherein said control apparatus (40)

25  comprises 2 clinometer (42) that measures roll of said watercraft (10) and -said control
apparatus (40) receives data from said clinometer (42) and rotates said at least one hydrofoil
(20, 60) about said axis (30) in response to said data.
6. Apparatus (12) according to cleim 1 and wherein said control apparatus (40)
rotates said at least one hydrofoil (20, 60) to at least one predetermmgd discrete angular
30  position about said axis (30),
7. _ Apparatus (12) according to clmm 1 and wherein said contrcl apparatus (40) is
vibration-isolated mounted to 2 portion of said watercraft (10),

- LB
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8, Apparatus (12) according to claim 1 and wherein ssid at least one hydrofoi (20,
60) is mounted on & portion of a keel (16) of said watercraft (10).
9. " Apparatus (12) according o claim 1 and wherein said at least one hydrofoil (20,
60) is additionally gimbaled for rotation about a fore-and-aft axis (104) of said watercraft (10).
5 10, A watercraft (10) comprising:

a hull (24);
at least one hydrofoil (20, 60) with a leading edge (22, 62) and a trailing edge
(24, 64), the edges (22, 24, 62, 64) defining a chord (26, 66) extending therebetween, said at
least one hydrofoil (20, 60) being mounted below an underside of said hull (14) and arranged
10 for rotation about an axis (30) that is generally perpendicular to said chord (26, 66) and
directed towards said underside of said hull (14); and _
characterized |by control apparatus (40) comprising a processor (46) that
calculates a steady state roll angle of said watercraft (10) and a time derivative of an angle of
roll of seid watercraft (10)|about said steady state roll angle, wherein a zero roll a.ngie
15 corresponds to an upright position of the watercraft (10), said control apparatus (40) rotating
said at least one hydrofoil (20, 60) about said axis (30) in response to said time derivative so as
to stabilize said watercraft (10) about said steady state roll angle which does not necessarily
correspond to the upright position of the watercraft (10).

11. A watercraft le) according to claim 10 wherein said axis (30) passes generally
20 through the chord (26, 66)’s benter.

12. A watercraft 1|1 0) according to claim 10 wherein said at least one hydrofoil (60)

has cambered side surfaces (72, 74) extending from said leading edge (62) to said trailing edge

(64). |

13. A warercraft (10) according 1o claim 10 wherein said at least one hydrofoil (60)
25 has cambered upper and lower surfaces (76, 78) extending from said leading edge (62) to said

trailing edge (64). |

14, A watercraft :(10) according to claim 10 wherein said control apparatus (40)

comprises a clinometer (425 that measures roll of said watercraft (10) and said control

apparatus (40) receives datafﬁ'om said clinometer (42) and rotates said at least one hydrofoil
30 (20, 60) about said axis (30) i m response to said data,

1s. ' A watercraft (10) according to claim 10 and wherein said control apparatus

(40) rotates said at least one hydrofoil (20, 60) to at least one predetermined discrets angular

position about said axis (30).§
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16, A watemaﬁ (10) according to claim 10 and wherem said comtrol apparatus
(40) is vibration-isolated mounted to a portion of said watercraft (10).
17. A watercraft (10) accarding to claim 10 and wherein said at least one hydrofoil
(20, 60) is mounted on & portion of a keel (16) of said watercraft (10). )

18 A watercraft (10) according to claim 10 and wherein said at least one hydrofoil
(20, 60) is additionally gimbaled for rotation about a fore-and-aft axis (104) of said watercraft

(10).
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