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Description

[0001] The presentinvention relates to boats. such as
yachts, sailboats, ships, and the like, that include hydro-
foil systems comprising gearbox systems. In particular,
the present invention relates to such a gearbox with heat
transfer cooling system.

BACKGROUND OF THE INVENTION

[0002] A sailing hydrofoil is a wing-like structure
mounted under the hull of a boat, such as a yacht, that
provides a speed advantage over more traditional boat
designs. The sailing hydrofoil works with its wing-like
appendage. Just like a wing on an aircraft provides lift,
a hydrofoil in the water accomplishes the same thing. The
main difference is that a hydrofoil does not need to be as
large as an airplane wing, because the water is much
denser than air. As the boat increases its speed the
hydrofoils lifts most of the hull, or even the entire hull,
up and out of the water, greatly reducing the wetted area,
resulting in decreased drag and increased speed as the
craft cuts through the water.

[0003] Most types of boats can accommodate hydro-
foils, and sailboats are no different. A sailing hydrofoil
could be a single hull, often referred to as a mono hull, a
catamaran (which has two hulls), or a trimaran (which has
three hulls). In the case of multiple hulls, the hulls are held
together by a single upper deck. The wider and longer the
ship, the more stable the sailing hydrofoil is.

[0004] Conventional hydrofoils are used in either a
passive way i.e. there is no active control on their geo-
metry, orin an active way i.e. using flaps to cause the craft
to ascend or descend and to control the craft about its
pitch, heave, and roll axes. However, all control is manual
e.g. using a control system with a mechanical lever arm,
and the flaps require human intervention, which inher-
ently requires extensive experience by a user and ex-
poses the craft control to human error. In the same way as
for aircraft, there is an inherent trade-off between a
requirement for faster and more accurate control and
overall drag (a lower drag foil will come at the cost of
inherent stability).

[0005] Hydrofoil water vessels may be wind powered
(e.g. yachts, sailing boats), or powered using an engine
and gearbox mounted on the hull and mechanically en-
gaged with a propeller system mounted adjacent the foil
on the underside of the hull. There are obvious draw-
backs to this arrangement including efficiency losses due
to mechanical distance between the engine/gearbox and
the propeller system.

[0006] However, it is not practical for the engine to be
located beneath the hull because of additional hydrody-
namic drag due to mechanical linkage between engine,
gearbox and propeller (propeller shaft, bearings). It also
creates a challenge for the system integrity as the foils
deform under hydrodynamic loading.

[0007] There is therefore a need for an improved en-
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gine and gearbox arrangement that increases efficiency
and reduces delay and energy loss via mechanical con-
nections and results in a reduction in overall fuel/energy
usage, while minimizing the packaging, to reduce hydro-
dynamic drag. EP0453529B1 discloses a boat, partially
supported by a pair of asymmetric hydrofoil assemblies.
Each hydrofoil assembly is generally L-shaped and in-
cluding a motor and propeller connected to one end of an
associated hydrofoil and to one end of a mounting leg
having its other end connected to the watercraft at a
location spaced from the other hydrofoil assembly thus
defining the asymmetric hydrofoils. A driven propeller is
located in alignment with an angle joint between a sup-
porting leg and the associated hydrofoil, and is drivenina
direction wherein upwardly moving blades of a propeller
intercept a downwardly moving water wake of the vehicle
and also water downwash flowing past the trailing edges
of the associated asymmetric hydrofoils.

[0008] US2018/072383 discloses a watercraft device
that comprises a board, a throttle coupled to a top surface
ofthe board, a hydrofoil coupled to a bottom surface of the
board, and an electric propeller system coupled to the
hydrofoil. The electric propeller system powers the water-
craftdevice using information generated from the throttle.
[0009] US2020/189691 discloses a hydrofoil system
having a fuselage with a propeller mounted to one end of
the fuselage and a wing extending laterally from the
fuselage. The fuselage is configured for removable at-
tachment to a mast, so that the mast when attached
extends from the fuselage in a direction substantially
orthogonal to the longitudinal axis and also substantially
orthogonal to the wing. A tail wing is connected to the
fuselage by a tail strut, so that the tail wing is positioned
beyond the end of the fuselage to which the propeller is
attached. A motor is housed in the fuselage and has a
cable connected thereto, the cable extending outside the
fuselage, wherein a removable sealing system inhibits
water ingress to the motor at the location where the cable
is connected when the sealing system is installed in the
fuselage.

[0010] US4092946 discloses an electric motor for trol-
ling at slow speeds comprising an elongated and gen-
erally cylindrical submersed unit which houses an electric
motor that in turn drives a planetary gear system that in
turn drives the propeller. The planetary gear system
includes a compact gear assembly which can be as-
sembled ahead of time and quickly inserted in the gear
housing. The internal gear ring of the planetary gear
system is quickly and easily secured within and to the
gear housing only and by means of cap bolts extending
through the gear housing and into engagement with the
ring gear, the ring gear being preassembled in the gear
housing. The motor also includes a bearing support in
which are preassembled anti-friction bearing assem-
blies. A rear sleeve thrust bearing and a front sleeve
thrust bearing are located on opposite sides of the gear
assembly and act to threadably support the gear assem-
bly and absorb axial thrust.
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SUMMARY OF THE INVENTION

[0011] The present invention seeks to address the
problems of the prior art. Aspects of the presentinvention
are set out in the attached claims. The invention is
defined by the independent claims, to which reference
should now be made. Preferred features are setoutin the
dependent claims.

[0012] Afirstaspectofthe presentinvention provides a
boat including a hydrofoil system as in claim 1.

[0013] Bylocatingthe gearing system and engine with-
in a housing provided at least in part by the hydrofoil, the
profile of the gearbox system is significantly reduced.
This layout significantly reduces the wetted area of the
drive train, therefore reducing hydrodynamic drag of the
eFoil system, improving efficiency and autonomy.
[0014] In an alternative embodiment, the gearbox sys-
tem is mounted on the hydrofoil. This allows the gearbox
system to be completely separated from the Foil, allowing
for Drive train fast replacement in case of maintenance,
therefore minimizing downtime for commercial vessels.

[0015] In one embodiment, the gearing system and
engine are a close fit within the interior space of the
housing.

[0016] The close fit allows the engine and gearbox to

be in thermal contact with the gearbox casing such that
heat generated by the engine and/or gearbox during use
may be transferred by contact to the gearbox casing,
which is subsequently cooled by the surrounding waterin
which it is submerged. No mechanical or forced water
flow is required to cool the engine and gearbox.

[0017] Preferably, the engine is located adjacent the
gearbox. The gearbox casing forms part of the foil and
locates the engine to the foil structure.

[0018] The gearbox casing is thermally conductive in
order to cool the engine and gearbox by heat transfer into
the surrounding environmental water. Preferably, the
gearbox casing comprises metal, and preferably coated
or non-corrosive/corrosive resistant raw metal. However,
it is to be appreciated that any suitable known to the
skilled person and highly resistant to corrosion could be
used as an alternative to, or in addition to, using metal for
the gearbox casing.

[0019] In a further embodiment, the gearbox housing
further comprises a power train engagement portion. In
use, the power train engagement portion engages with a
power train connected to the controller on the hull of the
vessel. This provides electrical communication between
the controller and the engine and gearbox.

[0020] Preferably, the power train engagement portion
is located distal to the propeller shaft engagement por-
tion. This prevents any fouling of the power train by the
moving parts of the propeller.

[0021] According to the invention, the gearing system
is an epicyclic gearbox (also known as planetary gear-
box). However, it is to be appreciated, that any other
suitable reduction system known to the skilled person
and suitable for function could be used in addition to an
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epicyclic gearbox.

[0022] In a further embodiment, the engine comprises
a high-power density electrical engine, referred to as a
Motor Generator Unit (MGU).

[0023] Thus, the engine may comprise an MGU and
the gearbox may include epicyclic reduction hardware,
both being located within the watertight gearbox casing.
[0024] The gearbox casing may comprise, but is not
limited to, any one or more of the following materials,
including stainless steel (all grades), titanium alloy, alu-
minium (aluminum). However, it is to be appreciated that
any other suitable material known to the skilled person
may be used to make up the gearbox casing. Preferably,
an appropriate sea water coating is applied to the gear-
box casing to render the gearbox more resistant to sea
water erosion.

[0025] It is to be appreciate that any other material
known to the skilled person and suitable for function
may be used in addition to, or as an alternative to, the
aforementioned materials. Such other materials may
include, but are not limited to, one or more of a composite
material such as Aramid fibre, or carbon fibre reinforced
resin material.

[0026] According to the invention, the boat further in-
cludes a hydrofoil system, the hydrofoil system compris-
ing a controller; a foil forengagement with the waterborne
vessel, the foil comprising a plurality of adjustment mem-
bers operable to vary the lift characteristics of the water-
borne vessel; a propeller mounted on the foil; and the
above described gearbox system, wherein the propeller
is mechanically engaged with the propeller shaft engage-
ment portion and the gearbox system is in mechanical
communication with the propeller.

[0027] Inone embodiment, the hydrofoil system further
comprises a plurality of sensors in electrical communica-
tion with the controller, each sensor configured to monitor
flight parameters of the waterborne vessel and generate
measured flight parameter data, wherein the controller is
in communication with the adjustment members, the
engine and the sensors and wherein the controller is
configured to receive measured flight parameter data
from the sensors and to control the operation of the
engine and the position of the adjustment members in
dependence upon the received measured flight para-
meter data.

[0028] In one embodiment, each of the adjustment
members is operable to vary one or more of pitch, roll,
heave, and yaw of the waterborne vessel.

[0029] In one embodiment, each adjustment member
comprises a flap and an actuator, wherein the flap is
moveable relative to the foil on activation of the actuator
by the controller. Preferably, the adjustment member
further comprises a hydrodynamic fairing within which
the flap is arranged.

[0030] Preferably, the actuators are integrated within
the foil. However, itis to be appreciated that the actuators
may alternatively be integrated inside the vessel, de-
pending on the respective sizes of the foil and vessel.
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[0031] Inone embodiment, each of the plurality of flaps
is independently adjustable. This provides greater con-
trol over the position of the vessel within the water.
[0032] In a further embodiment, the plurality of flaps
comprises at least one set of two aligned flaps. However,
additional flaps may be provided within each set of flaps if
required.

[0033] Preferably, the propeller is located adjacent to
the gearbox, and distal to the engine. Preferably, the
propeller is located adjacent to the gearbox, and distal
to the engine, via a short propeller shaft, in order to
minimise efficiency loss.

[0034] As with conventional foils, each foil of the pre-
sent invention is composed of two lifting surfaces: the
elevator (horizontal part) which provides vertical lift; and a
shaft, whose main purpose is to carry the elevator and
also provide side force in turns and manoeuvres.
[0035] The measured flight parameter data may com-
prise any one or more selected from the group comprising
acceleration data, vessel position data (pitch, heave,
yaw, roll), actuator positional data, external environmen-
tal factors (e.g. wind, wave-height) and any other useful
data relating to the movement of the vessel through the
water, and the environment the vessel is moving in.
[0036] Preferably, the controller is located within the
hull of the waterborne vessel and the foil is located
beneath the floating waterline on the hull exterior of the
waterborne vessel.

[0037] In a further embodiment, the hydrofoil system
further comprises a battery system in electrical commu-
nication with the engine and optionally the actuator,
wherein the battery system is operable to provide power
to the engine and optionally the actuator. Alternatively,
the adjustment member may be actuated using hydraulic
power. Such a battery system may comprise a Power
Electronics Control Unit (PECU). It is to be appreciated
that the boat including a hydrofoil system may be pro-
vided integrally as part of a new vessel during manufac-
ture, or may be provided for retrofit to an existing vessel.
In both cases, the vessels will then have all the advan-
tages provided by the hydrofoil system. Such advantages
include:

¢ the reduced hydrodynamic drag provides increased
autonomy (for a given amount of battery power)

¢ human-free optimised control of the vessel during
travel, thereby avoiding human errors;

e controlled positioning of the vessel within the water
e.g. ride height via adjustment of the flaps in re-
sponse to real-time measured flight parameter data;

* no mechanical engine cooling system is required as
heat from the engine and gearbox is transmitted to
the gearbox casing and subsequently into the sur-
rounding water;

* No fossil fuel usage is required during travel of the
vessel and all power is provided in a carefully con-
trolled manner from the battery system in depen-
dence upon the needs of the vessel to optimise the
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ride;

* Increased ride comfort for passengers as the posi-
tion of the vessel within the water is carefully con-
trolled and the optimised ride height reduces the
amount of hull exposed to the water conditions; and

*  Vessel wash significantly reduced.

[0038] Thus, the boat including a hydrofoil system of
the present invention provides a high efficiency and low
consumption propulsion system for high speed marine
travel whilst providing autonomous control of a fully sub-
merged actively controlled foiling waterborne vessel.

BRIEF DESCRIPTION OF THE DRAWINGS
[0039]

Figure 1 shows an embodiment of the boat including
a hydrofoil systemin accordance with a first aspect of
the present invention integrated into a mono-hull
vessel;

Figure 2 is a front view of a foil and propeller of the
boat including a hydrofoil system of figure 1

Figure 3 is a side view of the foil and propeller of
figure 2;

Figure 4 is a perspective view of the foil and propeller
of figure 2;

Figure 5 is a view from above of the foil and propeller
of figure 2;

Figure 6 is an X-Y cross-section through the foil and
propeller of figure 2 showing a first disclosed but not
claimed example of a gearbox and engine arrange-
ment with water flow cooling between the gearbox
and engine arrangement and the interior surface of
the foil body;

Figure 7 is a Z-X cross-section through the foil and
propeller of figure 2 showing the gearbox and engine
arrangement of figure 6;

Figure 8 is an X-Y cross-section through the foil and
propeller of figure 2 showing a second example
according to the claimed invention of a gearbox
and engine arrangement with heat-transfer cooling
via the gearbox casing;

Figures 9A to 9D are cross-sectional views showing
variants of the gearbox and engine arrangement of
figure 8 where the housing is mounted on the foil;
Figures 10A and 10B are cross-sectional views
showing further variants of the gearbox and engine
arrangement of figure 8 where the housing is pro-
vided by a portion of the foil; and

Figure 11 is a cross-sectional view showing a further
variant of the gearbox and engine arrangement
where the housing is separate from the foil.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0040] Figure 1 shows a waterborne vessel in the form
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of a monohulled vessel 10 provided with an embodiment
of a hydrofoil system in accordance with a first embodi-
ment of the present invention. The hydrofoil system
comprises a controller 12 located within the hull 14 of
vessel 10.

[0041] A battery system 16 is located adjacent con-
troller 10, and in electrical communication with controller
10. In the embodiment of figure 1, battery system 16
comprises a Power Electronics Control Unit (PECU).
[0042] Afoil 18islocated on the outer surface of the foil
hull below the floating waterline. Foil 18 comprises a
plurality of adjustment members 19 operable to vary
the lift characteristics of the vessel 10 during travel. Each
adjustment member comprises a flap 20 and associated
actuator 22. Actuators 22 can be either electric or hy-
draulic and may be integrated within foil 18 (as shown in
figure 1) or may be located within the vessel 10 itself
depending on the vessel size and associated foil size.
Actuators 22 operate to control the position of associated
flaps 20 to control the ship in heave i.e. ride height 24
relative to the floating water line 26), pitch, roll and thrust.
Ride height 24 is shown in figure 1 and is based on the
distance between the water surface (floating water line
26)and the foiling water line 28. Foiling water line refers to
where the water free surface sits, relative to the foils/hull,
while airborne. When the boat is floating, the water line is
defined by how much the hull needs to sink to obtain the
volume of displacement (under Archimedean hydrostatic
force). When foiling, the foiling water line is the optimum
between minimum foil immersion ( the vertical part
"shaft") to reduce drag without having the elevator 52
ventilating because of the free surface proximity.
[0043] In the embodiment of figure 2, the adjustment
member 13 further comprises a hydrodynamic fairing 21
within which the flap 20 is arranged.

[0044] In figures 2 to 5, each foil comprises four flaps
20, each flap 20 is independently operable by an asso-
ciated actuator 22.

[0045] Foil 18is connected to the hull 14 of vessel 10 by
means of a vertical shaft 30.

[0046] A propeller 32 is mounted on foil 18 for driving
the vessel 10 through the water during travel. The pro-
peller 32 and foil 18 are shown in more detail in figures 2 to
7.

[0047] Indisclosed but not claimed a first embodiment
shown in figures 6 and 7, foil 18 comprises a body 34
defining an elongate channel 36. Elongate channel 36
has afirstopen end 38 and a second end 40 opposing the
first end 38, first and second ends 38, 40 being in fluid
communication with one another. Propeller 32 is
mounted on the foil at the second end 40 of channel 36.
[0048] An engine 42 and aligned gearbox 44 are
mounted within elongate channel 36 and mechanically
coupled to propellerdrive shaft46. Atafirstend, electrical
harness 50 is electrically coupled to engine 42. Engine 42
is an MGU.

[0049] At a second opposing end, engine 42 is elec-
trically coupled to battery system 16 and controller 10 via
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electrical harness 50 that extends through vertical shaft
30, such that, in use, electrical harness 50 transfers
energy from the battery system 16 to engine 42 which
drives propeller drive shaft 46 via gearbox 44 to rotate
propeller 32. The engine 42 acts as a generator, deploy-
ing energy from the battery system 16 to drive gearbox
44,

[0050] Electrical harness 50 is a flexible electrical con-
nection, rather than a conventional mechanical linkage.
The presence of a flexible electrical harness 50 extend-
ing vertically through foil 18, rather than a mechanical
linkage, allows for more streamlined containment of the
connection within the foil, thus permitting an improved foil
profile with increased hydrodynamic efficiency.

[0051] Fluidinlets 42 are provided radially around body
34 such that channel 36 is in fluid communication with the
exterior of foil 18 i.e. exterior water may flow through fluid
inlets 42 into channel 44. Thus, when vessel 10 is travel-
ling through the water, water flows through fluid inlets 42
into channel 36 and flows past engine 42 and gearbox 44
in a direction towards the second end 40 of channel 36.
Further, water will be drawn in through open first end 38 of
channel 36 and also flow past engine 42 and gearbox 44
towards second end 40. The flow of exterior water into
channel 36 and around engine 42 and gearbox 44 serves
to cool the engine and gearbox during use, preventing
overheating and allowing operation of the engine and
gearbox at higher speeds than possible in the absence of
a cooling system. In the figures, fluid inlets 48 are shown
as slots or gills However, it is to be appreciated that any
suitable shape of fluid inlet known to the skilled person
and suitable for the circulation of water from the exterior
of foil 18 into channel 36 and around engine 42 and
gearbox 44 may be used in addition to, or as an alter-
native to, the slots or gills shown in figures 6 and 7.
Further, the number and location of fluid inlets 42 may
be varied from that shown in the figures provided a
sufficient volume of fluid flow past engine 42 and gearbox
44 is possible to provide the required cooling to be
achieved during travel of vessel 10.

[0052] According to the invention as shown in figure 8,
foil 18 comprises a housing 60 defining a receiving space
in which engine 42 and gearbox 44 are received. Housing
60 provides a watertight housing for engine 44. Engine 42
and gearbox 44 are located adjacent one another within
housing 60housing 60 and are connected via shaft 66
that transmits the torque and rotation from engine 42 to
the gearbox 44. The outer surfaces of both engine 42 and
gearbox 44 are located adjacent the interior surface of
housing 60 such that heat generated during use is ab-
sorbed from engine 42 and gearbox 44 by housing 60 and
subsequently dissipated into the surrounding water, thus
providing an efficient cooling system that avoids the need
for mechanical or forced flow of fluid past the engine 42
and/or gearbox 44 within housing 60.

[0053] Propeller32is connected to gearbox 44 distal to
engine 42 and is engaged with gearbox 44 via propeller
shaft 33. Propeller 32 connects to propeller shaft 33 by
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means of a conical arrangement with a key 35 in a
conventional manner. Propeller shaft 33 enters the gear-
box 44 through bearings and connects with the gearbox
toothed wheels (not shown).

[0054] Propeller shaft 33 enters housing 60 through
seals that maintain the water-tight integrity of housing 60.
[0055] At the opposing side of housing 60, housing 60
connects to foil 18 atinterface 62. Housing 60 is bolted to
aflange on the foil (not shown). Interface 62 is sealed and
channels are provided for the electrical harnesses 63 of
power train assembly 64 to exit the housing 60 and
extend vertically along vertical shaft 30 of foil 18, to
provide an electrical connection between the engine
42 and gearbox 42 and the controller located in the hull
14 of vessel 10.

[0056] Seals are provided at the point of exit of the
electrical harnesses 64 from housing 60 to maintain the
water-tight integrity of the housing 60.

[0057] According to the invention as shown in figure 8,
gearbox 44 is an epicyclic gearbox and engine 42 is a
motor generator unit (MGU). However, it is to be appre-
ciated that this is just one embodiment and a skilled
person may use an alternative engine to achieve the
same arrangement within gearbox housing 60.

[0058] In the boat including a hydrofoil system of the
presentinvention, the vessel 10 is further provided with a
plurality of sensors (not shown) in electrical communica-
tion with controller 12, each sensor configured to monitor
one or more flight parameters of vessel 10 and generate
measured flight parameter data based on the monitored
flight parameter. This measured flight parameter data is
then provided to controller 10 which uses the measured
flight parameter data to determine what adjustments are
required to the engine and adjustment members 13 to
optimise the vessel 10 travel through the water. Adjust-
ment member 13 is shown in figures 2 and 3 with its
hydrodynamic fairing. Controller 10 then communicates
engine 42 to control the operation of propeller 32. Con-
troller 12 also communicates with actuators 22 to control
the position of the adjustment members 13 in depen-
dence upon the measured flight parameter data. This has
the effect of influencing the speed of the vessel through
the water and/or the position of vessel 10 within the water
i.e. the heave, pitch, roll and/or thrust of vessel 10 within
the water.

[0059] The sensors may provide measured flight para-
meter data to the controller on a continuous basis or on
demand from the controller or in a predetermined pro-
grammed manner. Obviously, continuously provided
data will produce continuous feedback from controller
12 to influence the operation of the engine and the posi-
tion of the vessel 10 within the water, providing continu-
ously optimised travel of the vessel 10 through the water.
[0060] The sensors may be located in multiple posi-
tions embedded in the hull and foils, and measure various
flight parameters of vessel 10 including, but not limited to
monitoring/measuring acceleration, position (pitch,
heave, yaw, roll), ride-height data, actuator positional
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data, and any other useful parameter relating to the
movement of the vessel through the water.

[0061] Figure 9A shows the arrangement where the
housing 60 is mounted on foil 18, whilst figures 9B to 9D
show variations on how this can be achieved.

[0062] Figure 9B shows an arrangement wherein
housing 60 is provided as part of the gearbox 42, and
during assembly, engine 44 is slotted into gearbox hous-
ing 60, and housing 60 subsequently made water-tightin
a conventional manner.

[0063] In figure 9C, housing 60 is provided as part of
the engine 44 and, during assembly, gearbox 42 is slotted
into engine housing 60, and housing 60 subsequently
made water-tight in a convention manner.

[0064] Figure 9D shows an arrangement wherein
housing 60 is distinct from both engine 42 and gearbox
44. Engine 42 and gearbox 44 are slotted into housing 60
towards one another from opposing ends of housing 60.
Alternatively, engine 42 and gearbox 44 may be sequen-
tially slotted into housing 60 from the same end. Housing
60 is subsequently made water-tight in a conventional
manner to contain both engine 42 and gearbox 44 there-
within. Figure 10A shows an arrangement where housing
60 is provided by a portion of foil 18. Engine 42 is slotted
into housing 60, followed by gearbox 44 before housing
60 is made water-tight in a convention manner to retain
both engine 42 and gearbox 44 within foil 18.

[0065] Alternatively, housing 60 may be provided as a
channel through foil 18. Engine 42 and gearbox 44 are
slotted into housing 60 towards one another from oppos-
ing ends of housing 60. Housing 60 is subsequently made
water-tight in a conventional manner to contain both
engine 42 and gearbox 44 within foil 18.

[0066] Finally, figure 11 shows an arrangement where-
in housing 60 is spatially separated from foil 18. Itis to be
appreciated that the assembly of housing arrangement
may be as described for figures 9B to 9D.

[0067] Figure 1shows avessel 10 with two foils 18, one
of which is hydrofoil system in accordance with the pre-
sentinvention and the other is a foil without the propulsion
system of the present invention. It is to be appreciated
that a vessel will comprise a minimum of two foils (one
towards the front and one towards the rear of the vessel),
one or both of which may include the propulsion features
of the present invention. Where multiple foils 18 are
provided, the actuators 22 for each flap 20 of each foil
18 are independently controlled by a single controller 12.
[0068] A vessel could be equipped with one hydrofoil
system in accordance with the present invention and one
non-propulsion foil unit. However, if the weight of the
vessel requires more thrust to move around then the
vessel could be equipped with two foils provided with
propulsion.

[0069] The boat including a hydrofoil system of the
presentinvention therefore allows human-free flight con-
trol. As each foil 18 is always tuned and set for optimum
performance i.e. low drag, significantly reduced drag
through the water is ensured. This provides the technical
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advantage of either a greater autonomy range or an
increase cruise speed for a given battery capacity.
[0070] The engine cooling used by the boat including a
hydrofoil system of the present invention, whether water-
flow cooling or according to the invention heat-transfer
cooling, negates the requirement for a separate mechan-
ical cooling system, thereby reducing the complexity and
weight of the system, which contributes to efficiency and
increasing battery life.

[0071] Itis to be appreciated that the boat including a
hydrofoil system of the present invention may be an
integral partof a newly built vessel 10 or may be retrofitted
to existing vessels 10 to achieve optimal performance.
[0072] Finally, use of the boat including a hydrofoil
system of the present invention provides optimal perfor-
mance with increase ride comfort for passengers as less
of the hull 14 of vessel 10 is exposed to the surrounding
water conditions, thereby ensuring a smoother ride.

Claims

1. Aboat (10)including a hydrofoil system, wherein the
hydrofoil system comprises

- a controller (12);

- a hydrofoil (18) for engagement with the boat,
the hydrofoil comprising a plurality of adjustment
members (19) operable to vary the lift charac-
teristics of the boat;

- a propeller (32) mounted on the hydrofoil; and
characterized by

- a gearbox system, the gearbox system com-
prising:

a housing (60) having an interior surface
defining an interior space of defined dimen-
sion;

a gearing system located within the interior
space of the housing and comprising a pro-
peller shaft engagement portion and a gear-
box (44) in mechanical communication with
the propeller shaftengagement portion; and
an engine (42) located within the interior
space of the housing and in mechanical
communication with the gearbox;

wherein the housing is water-tight, wherein
the gearbox and engine are in thermal con-
tact with the interior surface of the housing;
and

wherein the gearbox (44) is an epicyclic
gearbox; and

wherein at least a portion of the housing is
integral with the hydrofoil, or the housing is
mounted on the hydrofoil; and

wherein the propeller is mechanically en-
gaged with the propeller shaft engagement
portion and the gearbox system is in me-
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10.

1.

chanical communication with the propeller.

A boat as claimed in any preceding claim, wherein
the gearbox and engine are a close fit within the
interior space of the housing.

A boat as claimed in any preceding claim, wherein
the housing further comprises a power train engage-
ment portion.

Aboat as claimed in claim 3, wherein the power train
engagement portion is located distal to the propeller
shaft engagement portion.

A boat as claimed in any preceding claim, wherein
the engine is a MGU (Motor Generator Unit).

A boat as claimed in any preceding claim, wherein
the housing comprises one or more of the following
materials: stainless steel, titanium alloy, aluminium
(aluminum), or a composite material such as Aramid
fibre or carbon fibre reinforced resin.

A boat as claimed in any preceding claim, wherein
the hydrofoil system further comprises:

- a plurality of sensors in electrical communica-
tion with the controller, each sensor configured
to monitor flight parameters of the boat and
generate measured flight parameter data,

- wherein the controller is in communication with
the adjustment members, the engine and the
sensors and wherein the controller is configured
to receive measured flight parameter data from
the sensors and to control the operation of the
engine and the position of the adjustment mem-
bers in dependence upon the received mea-
sured flight parameter data.

A boat as claimed in any preceding claim, wherein
each of the adjustment members is operable to vary
one or more of pitch, roll, heave, and yaw of the boat.

A boat as claimed in any preceding claim, wherein
each adjustment member comprises a flap (20) and
an actuator (22), wherein the flap is moveable rela-
tive to the hydrofoil on activation of the actuator by
the controller.

A boat as claimed in any preceding claim, wherein
the propeller is located adjacent the gearbox, distal
to the engine.

A boat as claimed in any preceding claim, wherein
the measured flight parameter data comprises one
or more selected from the group comprising accel-
eration data, vessel position data (pitch, heave, yaw,
roll), actuator positional data, external environmen-
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tal factors, and the environment the vessel is moving
in.

A boat as claimed in any preceding claim, wherein
the controller is located within the hull (14) of the boat
and the hydrofoil is located beneath the floating
waterline on the hull exterior of the boat.

A boat as claimed in any preceding claim, further
comprising a battery system (16) in electrical com-
munication with the engine and optionally the actua-
tor, wherein the battery system is operable to provide
power to the engine and optionally the actuator.

Patentanspriiche

1.

Boot (10) mit einem Tragfliigelsystem, wobei das
Tragfligelsystem umfasst:

- eine Steuerung (12);

- einen Tragfligel (18) fir Eingriff mit dem Boot,
wobei der Tragfliigel eine Mehrzahl von Einstel-
lelementen (19) umfasst, die zum Verandern der
Auftriebseigenschaften des Boots funktionell
sind;

- einen Propeller (32), der an dem Tragfliigel
montiert ist; und gekennzeichnet durch

- ein Getriebesystem, wobei das Getriebesys-
tem umfasst:

ein Gehause (60) mit einer Innenflache, die
einen Innenraum definierter Abmessung
definiert;

ein Getriebesystem, das in dem Innenraum
des Gehauses angeordnet ist und einen
Propellerwelleneingriffsteil und ein Getrie-
be (44), das in mechanischer Verbindung
mit dem Propellerwelleneingriffsteil ist, um-
fasst; und

einen Motor (42), derin dem Innenraum des
Gehauses und in mechanischer Verbin-
dung mit dem Getriebe angeordnet ist;
wobei das Gehause wasserdicht ist, wobei
das Getriebe und der Motor in thermischem
Kontakt mit der Innenflache des Gehauses
sind; und

wobei das Getriebe (44) ein Planetenge-
triebe ist; und

wobei mindestens ein Teil des Gehauses
mit dem Tragflligel einstlickig ist oder das
Gehause an dem Tragfligel montiert ist;
und

wobei der Propeller mechanisch mit dem
Propellerwelleneingriffsteil in Eingriffistund
das Getriebesystem in mechanischer Ver-
bindung mit dem Propeller steht.
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Boot nach einem der vorhergehenden Anspriiche,
wobeidas Getriebe und der Motor in satter Anlage im
Innenraum des Gehauses verbaut sind.

Boot nach einem der vorhergehenden Anspriiche,
wobei das Gehause ferner einen Antriebsstrangein-
griffsteil umfasst.

Boot nach Anspruch 3, wobei der Antriebsstrangein-
griffsteil distal des Propellerwelleneingriffsteils an-
geordnet ist.

Boot nach einem der vorhergehenden Anspriiche,
wobei der Motor eine MGU (Motor-Generator-Ein-
heit) ist.

Boot nach einem der vorhergehenden Anspriiche,
wobei das Gehause eines oder mehr der folgenden
Materialien umfasst: nichtrostenden Stahl, Titanle-
gierung, Aluminium oder einen Verbundwerkstoff,
wie etwa aramidfaser- oder kohlenstofffaservers-
tarktes Kunstharz.

Boot nach einem der vorhergehenden Anspriiche,
wobei das Tragflligelsystem ferner umfasst:

- eine Mehrzahl von Sensoren, die mit der
Steuerung in elektrischer Verbindung stehen,
wobei jeder Sensor zum Uberwachen von Flug-
parametern des Boots und zum Erzeugen von
Daten gemessener Flugparameter konfiguriert
ist,

- wobei die Steuerung mit den Einstellelemen-
ten, dem Motorund den Sensorenin Verbindung
steht und wobei die Steuerung zum Empfangen
von Daten gemessener Flugparameter von den
Sensoren und zum Steuern des Betriebs des
Motors und der Stellung der Einstellelemente in
Abhangigkeit von den empfangenen Daten ge-
messener Flugparameter konfiguriert ist.

Boot nach einem der vorhergehenden Anspriiche,
wobei jedes der Einstellelemente zum Verandern
von einem oder mehr von Nicken, Rollen, Hebung
und Gieren des Boots funktionell ist.

Boot nach einem der vorhergehenden Anspriiche,
wobei jedes Einstellelement eine Klappe (20) und
ein Stellglied (22) umfasst, wobei die Klappe bei
Aktivierung des Stellglieds durch die Steuerung re-
lativ zu dem Tragflliigel bewegbar ist.

Boot nach einem der vorhergehenden Anspriiche,
wobei der Propeller neben dem Getriebe, distal des
Motors, angeordnet ist.

Boot nach einem der vorhergehenden Anspriiche,
wobei die Daten gemessener Flugparameter ein
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oder mehr umfassen, die aus der Gruppe ausge-
wabhlt sind, die Beschleunigungsdaten, Schiffsposi-
tionsdaten (Nicken, Hebung, Gieren, Rollen), Stell-
gliedstellungsdaten, externe Umweltfaktoren und
die Umgebung, in der sich das Schiff bewegt, um-
fassen.

Boot nach einem der vorhergehenden Anspriiche,
wobei die Steuerung im Rumpf (14) des Boots an-
geordnet ist und der Tragfligel unterhalb der
Schwimm-Wasserlinie an der AuRenseite des
Rumpfes des Bootes angeordnet ist.

Boot nach einem der vorhergehenden Anspriiche,
das ferner ein Batteriesystem (16) umfasst, das in
elektrischer Verbindung mit dem Motor und wahl-
weise dem Stellglied steht, wobei das Batteriesys-
tem zum Versorgen des Motors und wahlweise des
Stellglieds mit Leistung funktionell ist.

Revendications

1.

Bateau (10) comprenant un systéme d’hydroptere,
dans lequel le systéme d’hydroptére comprend :

- un contréleur (12) ;

- un hydroptére (18) pour engagement avec le
bateau, I'hydroptére comprenant une pluralité
de membres d’ajustement (19) opérationnels
pour varier les caractéristiques de levée du ba-
teau ;

- une hélice (32) montée sur I'hydroptére ; et
caractérisé par

- un systéme de boite de vitesses, le systéme de
boite de vitesses comprenant :

un carter (60) ayant une surface intérieure
définissant un espace intérieur de dimen-
sion définie ;

un systeme d’engrenage situé dans l'es-
pace intérieur du carter et comprenant
une partie d’engagement d’arbre d’hélice
et une boite de vitesses (44) en communi-
cation mécanique avec la partie d’engage-
ment d’arbre d’hélice ; et

un moteur (42) situé dans I'espace intérieur
du carter et en communication mécanique
avec la boite de vitesses ;

dans lequel le carter est étanche a l'eau,
dans lequel la boite de vitesses et le moteur
sont en contact thermique avec la surface
intérieure du carter ; et

dans lequel la boite de vitesses (44) estune
boite de vitesses planétaire ; et

dans lequel au moins une partie du carter
fait intégralement partie de I'hydroptére, ou
bien le carter est monté sur I’hydroptére ; et
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dans lequel I'hélice est engagée mécani-
quement avec la partie d’engagement de
I'arbre d’hélice et le systéme de boite de
vitesses est en communication mécanique
avec I'hélice.

Bateau selon I'une quelconque des revendications
précédentes, dans lequel la boite de vitesses et le
moteur sont ajustés avec précision dans I'espace
intérieur du carter.

Bateau selon I'une quelconque des revendications
précédentes, dans lequel le carter comprend en
outre une partie d’engagement de transmission.

Bateau selon larevendication 3, dans lequel la partie
d’engagement de transmission est située distale a la
partie d’engagement de I'arbre d’hélice.

Bateau selon I'une quelconque des revendications
précédentes, dans lequel le moteur est un MGU
(unité moteur/générateur).

Bateau selon I'une quelconque des revendications
précédentes, dans lequel le carter comprend un ou
plusieurs des matériaux suivants : acier inoxydable,
alliage de titane, aluminium, ou un matériau compo-
site tel que de la fibre d’aramide ou de la résine
renforcée fibre de carbone.

Bateau selon I'une quelconque des revendications
précédentes, dans lequel le systéme d’hydroptere
comprend en outre :

- une pluralité de capteurs en communication
électrique avec le contrbleur, chaque capteur
étant configuré pour surveiller des parameétres
de vol du bateau et générer des données de
parameétres de vol mesurés,

- danslequelle contréleur esten communication
avecles membres d’'ajustement, le moteur etles
capteurs et dans lequel le contrdleur est confi-
guré pour recevoir des données de parameétres
de vol mesurés des capteurs et contrOler le
fonctionnement du moteur et la position des
membres d’ajustement en fonction des données
de parametres de vol mesurés regues.

Bateau selon I'une quelconque des revendications
précédentes, dans lequel chacun des membres d’a-
justement est opérationnel pour varier un ou plu-
sieurs d’entre linclinaison, le roulis, le tangage et
le lacet du bateau.

Bateau selon I'une quelconque des revendications
précédentes, dans lequel chaque membre d’ajuste-
ment comprend un volet (20) et un actionneur (22),
dans lequel le volet est amovible par rapport a I'hy-
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droptére lors de I'activation de l'actionneur par le
contrbleur.

Bateau selon I'une quelconque des revendications
précédentes, dans lequel I'hélice est située adja-
cente a la boite de vitesses, distale au moteur.

Bateau selon 'une quelconque des revendications
précédentes, dans lequel les données de parame-
tres de vol mesurés comprennent une ou plusieurs
des données sélectionnées parmi le groupe
composé de données d’accélération, données de
position du bateau (inclinaison, tangage, lacet, rou-
lis), données de position de I'actionneur, facteurs
environnementaux externes et I'environnement
dans lequel le bateau se déplace.

Bateau selon 'une quelconque des revendications
précédentes, dans lequel le contrdleur est situé dans
la coque (14) du bateau et I'hydroptére est situé sous
la ligne de flottaison flottante sur la coque a I'exté-
rieur du bateau.

Bateau selon 'une quelconque des revendications
précédentes, comprenant en outre un systéme de
batterie (16) en communication électrique avec le
moteur et optionnellement I'actionneur, dans lequel
le systéme de batterie est opérationnel pour fournir
de la puissance au moteur et optionnellement a
I'actionneur.
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