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first fastening arrangement (302), and - a second hydrofoil (601) fastened to the hull (2) by means of a second fastening arrangement
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driven by the power supply assembly, - wherein the propellers (5011, 5012) are counter-rotating.
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A HYDROFOIL BOAT

TECHNICAL FIELD

The invention relates to a boat comprising a hull, a first hydrofoil fastened to the hull by
means of a first fastening arrangement, and a second hydrofoil fastened to the hull by

means of a strut which is separate from the first fastening arrangement.

BACKGROUND

For the propulsion of marine vessels, for example pleasure boats, internal combustion
engines are still dominating, despite environmental and noise problems. The engines
could be e.g. inboard, or outboard engines. The mode of progress of a non-hydrofoil
boat may, if enough power capacity is available for its propulsion, be transformed from
a displacement mode to a planing mode. By means of hydrofoils, a boat can assume a
hydrofoil mode of progress. At the hydrofoil mode, the hull is lifted out of the water,
and, compared to a planing mode, the propulsion power requirement is considerably
lower, e.g. in the order of 50% less. There is nevertheless a desire to further decrease the

power requirements of boats. This may be done by reducing the boat drag.

SUMMARY

An object of the invention is to reduce the drag of a hydrofoil boat.

The object is achieved with a boat comprising a hull, wherein the boat further comprises
a first hydrofoil fastened to the hull by means of a first fastening arrangement, and a
second hydrofoil fastened to the hull by means of a second fastening arrangement which
is separate from the first fastening arrangement. The second fastening arrangement
comprises a strut arranged to extend at least partly downwards from the hull, the second
hydrofoil being fixed to the strut. The boat comprises a motor pod fixed to the strut,
wherein the strut and the motor pod are turnable in relation to the hull for steering the

boat. The motor pod comprises a casing, a power supply assembly housed in the casing,
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and two propellers arranged to be driven by the power supply assembly. The propellers

are Counter—rotating.

Thereby, the boat may be a hydrofoil boat. The motor pod allows omitting mechanical
power transmitting assemblies, such as propeller shafts, extending from the hull to the
propellers. In addition, the relatively low propulsion power requirement provided by the
hydro-foil mode, means that the volume of the motor pod motor may be relatively small
while providing enough power for this mode. Thereby, the drag of the boat may be

decreased.

Also, the torque being distributed to each of two propellers allows, compared to a single
propeller, a higher total torque, and thereby more available power for the boat

propulsion.

In addition, the strut holding the second hydrofoil may be relatively long and slender.
By the counter-rotating propellers, torques around a roll axis of the boat, caused by the
propellers, may cancel each other. The roll axis is understood as an axis that is
substantially parallel to a direction of straight forward travel of the boat. By the
counterrotating propellers cancelling the torques of the propellers, bending moments
otherwise caused by propeller torques may be reduced or eliminated. Thereby, the
strength requirements on the strut may be reduced, so that the strut may be slender.

Thereby, the boat drag is reduced.

Also, the strut and the motor pod may be turned in relation to the hull so as to steer the
boat. Thus, the strut with the motor pod and the second hydrofoil is turnable in relation
to the hull for steering the boat. By being turnable the strut may be rotatable. With a
single propeller, a gyroscopic effect occurring when the strut is turned, may cause
deflections in the strut. Such deflections may be reduced by adding material or
dimensions to the strut. However, with added dimensions, an added drag will follow.
With two counterrotating propellers, such a gyroscopic effect is cancelled, and strut
deflections caused thereby may be avoided. Thereby, the strut may be kept slender,

whereby the drag thereof is kept low.
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The first fastening arrangement may comprise one, two, or more first struts, each
extending from the hull to the first hydrofoil. The first hydrofoil may be fixed to the
first fastening arrangement. However, as exemplified below, the first hydrofoil may be

fastened to, but movable in relation to, the first fastening arrangement.

The first hydrofoil may be a main hydrofoil. Thereby, the first hydrofoil may be adapted
to carry a major part of the mass of the boat. In some embodiments, the first hydrofoil is

located at or in the vicinity of a center of gravity of the boat.

The second hydrofoil may be fixed to the second fastening arrangement. The second
fastening arrangement may comprise one or more struts extending between the hull and
the second hydrofoil. Such a strut of the second fastening arrangement is herein also

referred to as a second strut.

Preferably, the second hydrofoil is located behind the first hydrofoil as seen in a
direction of straight forward travel of the boat. Thereby, the second hydrofoil may also
be referred to as an aft hydrofoil. Thereby, the second fastening arrangement may be
located behind the first fastening arrangement as seen in a direction of straight forward
travel of the boat. This provides a beneficial location of the motor pod, which is fixed to

the second fastening arrangement.

However, in some embodiments, the second fastening arrangement, with the second
hydrofoil, and the motor pod, may be located in front of the first hydrofoil as seen in a

direction of straight forward travel of the boat.

The boat may be a pleasure boat. However, the boat may alternatively be adapted for

professional transport of passengers and/or goods.

Preferably, the power supply assembly comprises two electric motors housed coaxially
in the casing. It is understood that in use, the motor pod is submerged in the water

carrying the boat. Therefore, providing the motors in the motor pod allows a reduced
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noise level. Also, the surrounding water may effectively cool the motors. Further,
electric motors can be relatively small, e.g. compared to hydraulic motors, reducing the

cross-sectional area of the motor pod, thereby reducing the drag.

The two propellers may each arranged to be driven by a respective of the motors.
Preferably, the propellers are each arranged to be driven directly by a respective of the
motors without a gear arrangement. Thereby, no lubricant is needed for the drive of the
propellers. Thereby, long service intervals for the motor pod may be provided. Also, the
absence of gear arrangements allows a reduced noise level, and a less complicated

assembly for driving the propellers.

The motors may be positioned one after the other in a longitudinal direction of the
motor pod, (i.e. in a direction of an axis of rotation of the propellers). As mentioned, the

propellers are counter-rotating.

By the distribution of the torque to two propellers, the torque requirement on each
motor is reduced, allowing a smaller motor size, and thereby a reduced motor casing
diameter. Also, a smaller propeller diameter is made possible, allowing a higher
rotational speed, thereby reducing the motor torque requirement, without changing the

available power. Thereby, a reduced motor casing diameter is allowed.

In general, one or more motors may be provided in the motor pod. In some
embodiments, the power supply assembly comprises a single electric motor arranged to
drive both propellers. Thereby, a gearing may be provided for one of the propellers for
the counter-rotation of the propellers. Preferably, where casing preferably has a
cylindrical outer surface, the one or more motors are housed concentrically in the

casing.

The motor torque density may be increased, and thereby the motor volume may be
further decreased, by optimizing the motor heat dissipation. Each motor may be a
permanent magnet motor. The inner rotor of each motor may contain magnets, and the

outer stator may contain heat generating coils. The stator may be connected to the motor
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pod casing so that heat generated by the motor is conducted to an outer surface of the
casing. Thereby the heat may be transmitted to the surrounding water. Preferably, the
casing is made in a material, e.g. a metal such as bronze, brass or stainless steel, having
arelatively high thermal conductivity. Thereby, the casing may provide an effective

cooling of the one or more motors by the surrounding water.

The diameter of each propeller is preferably 180-350 mm, for example, around 230 mm.
Where two propellers are provided, the combined length of the propeller hubs is
preferably 100-300 mm, preferably 130-250 mm, for example, around 180 mm. The
casing preferably has a cylindrical outer surface. Thereby, the entire casing may have a
cylindrical outer surface, or one or more portions of the casing may have a cylindrical
surface. Preferably, the cylindrical outer surface of the casing has a diameter of 80-140
mm, for example around 105 mm. The ratio between the length of the motor pod and
the casing outer diameter is preferably at least 5, preferably at least 7, for example
around 9.5. The diameter of each motor is preferably 70-130 mm, for example around
95 mm. The length of each motor is preferably 130-240 mm, for example around 180
mm. Thereby, the length to diameter ratio of the motors is relatively high, allowing a
reduced drag. Also, an increase of the motor heat dissipation is allowed, since a
relatively high ratio of the exposed surface to motor volume is provided. Preferably, the
ratio between the diameter of each motor and the casing outer diameter is at least 0.8,

preferably at least 0,85, for example around 0,9.

Preferably, the length of the motor pod is 700-1400 mm, for example around 1000 mm.
Preferably, the ratio between the length of the motor pod and the casing outer diameter
is at least 5, preferably at least 7, for example around 9.5. Preferably, the ratio between
the length of the motor pod and the casing outer diameter is no more than 13, preferably
no more than 17. Preferably, where two propellers are provided, the ratio between the
combined length of the propeller hubs and the length of the motor pod is 0.09-0.36,
preferably 0.12-0.26, preferably 0.15-0.22.
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Preferably, at cruising speed, the rotational speed of each motor is 1500-3500 rpm, for
example around 2200 rpm. Preferably, maximum torque of each motor is 60-130 Nm,

for example around 90 Nm.

Where the motor pod comprises two motors, the motor shafts may be arranged
concentrically, one within the other. Preferably the inner shaft has a diameter of 14-28
mm, for example around 20 mm. Preferably the outer shaft has a diameter of 25-48 mm,

for example around 35 mm.

The volume of an electric motor increases proportionally to the torque at a given
magnetic loading. Hence, the volume of an electric motor increases proportionally to the
maximum torque of the motor. Therefore, the hydrofoil mode, with a relatively low
power requirement, allows for a relatively low volume of the electric motors. The low
motor volume allows for a relatively low casing volume. Further, relatively long and
narrow motors, and/or motors positioned one after the other in a longitudinal direction
of the motor pod, allows for the motor volume to be distributed largely in a longitudinal
direction of the motor pod, with a relatively low area of the motor pod lateral cross-
section. In a pushing configuration of the motor pod, this allows for a relatively small
propeller diameter, without any risk of flow disturbance at the propellers caused by the
casing. The relatively small propeller diameter avoids the risk of propeller blade tip
cavitation (which may occur at around 45 m/s). Thereby, with a relatively small amount
of power, a relatively high Froude number may be achieved. (The Froude Number, Fr,

)1/2

can be expressed as Fr= v/ (g hm)"“, where v = velocity, g = acceleration of gravity,

and hm = characteristic length.)

As mentioned, the second fastening arrangement comprises a strut arranged to extend at
least partly downwards from the hull, the second hydrofoil being fixed to the strut. The
strut may extend substantially straight downwards from the hull when the boat is
floating in an upright condition. As mentioned, the motor pod is fixed to the strut. The
motor pod may be fixed to the strut at a lower end of the strut. Alternatively, the motor

pod may be fixed to the strut above a lower end of the strut.
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Preferably, the boat comprises a strut mounting arrangement for fixing the strut to the
hull, wherein the strut is, by means of one or more strut bearings, pivotally connected to
the strut mounting arrangement so that the strut may be turned in relation to the hull.
Thus, thereby the strut may, with the second hydrofoil and the motor pod, be turned in
relation to the hull. Thereby, the strut with the motor pod may be controlled so as to
steer the boat. The strut may be turned around an axis which is substantially parallel
with a major extension of the strut. The turning axis may be substantially vertical when
the propulsion device is mounted to the boat, and when the boat is floating in an upright
condition. Thus, the strut may be turned in relation to the hull around an axis which is

substantially vertical when the boat is floating in an upright condition.

The strut may extend 0.7-2.0 meters between the one or more strut bearings and the
motor pod. Preferably, the ratio between, on one hand the strut extension between the
one or more strut bearings and the motor pod, and on the other hand the diameter of
each propeller, is at least 2.0, preferably at least 3.9, preferably at least 5.7. Preferably,
the ratio between, on one hand the strut extension between the one or more strut
bearings and the motor pod, and on the other hand the diameter of a cylindrical outer

surface of the casing, is at least 5.0, preferably at least 8.0, preferably at least 14.0.

In some embodiments, the strut of the second fastening arrangement is arranged to be
tilted around an axis which is substantially horizontal when the boat is floating in an
upright condition, and substantially lateral to a direction of straight travel of the boat.
The second hydrofoil may be fixed to the strut. The motor pod may be fixed to the strut.
The strut may be arranged to be tilted backwards. Thereby, the strut may the tilted to
reduce the draft of the boat, and/or to move the motor pod out of the water, e.g. when
docking. Also, tilting of the strut may be used to trim the boat when travelling in a

hydrofoil mode of progress.

In some embodiments, the strut of the second fastening arrangement is arranged to be
tilted around an axis which is substantially horizontal when the boat is floating in an
upright condition, and substantially parallel with a direction of straight travel of the

boat.
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Preferably, the second hydrofoil is located above the motor pod when the boat is
floating in an upright condition. Thereby, the second hydrofoil may be fixed to the strut
between the motor pod and the one or more strut bearings. The location of the second
hydrofoil above the motor pod may have an advantageous effect on the propeller(s) of
the motor pod. Also, the second hydrofoil may prevent air, from above the surface of
the surrounding water, from being sucked down to the propeller(s). Preferably, the ratio
of, on one hand, the vertical distance between a rotational axis of the propeller(s) and
the second hydrofoil, and, on the other hand, the vertical distance between the rotational
axis of the propeller(s) and the one or more strut bearings, is 0.09-0.19, preferably 0.12-
0.16, for example 0.14.

In some embodiments, the second hydrofoil and the motor pod are at the same position

along the strut.

The strut of the second fastening arrangement may comprise a lower strut part and an
upper strut part. Thereby, the second hydrofoil may be mounted to the strut, between the
lower and upper strut parts. The lower strut part may extend between motor pod and
second hydrofoil. The second hydrofoil may be provided as a single component
extending between two foil tips. The second hydrofoil may extend, in a spanwise
direction between the foil tips, perpendicularly to a direction of straight forward travel
of the boat, and horizontally when the boat is floating at rest in an upright condition.
The second hydrofoil may extend at least partly through the strut. The second hydrofoil
may be mounted to the strut at a region between the foil tips, preferably in the middle

between the foil tips.

Thereby a rigid mounting of the second hydrofoil to the strut may be provided. In
particular, the second hydrofoil may be mounted to the strut, between the lower and
upper strut parts, while extending between the foil tips. The lower strut part may be
made out the same material as the motor pod casing, such as metal, e.g. bronze, brass or
stainless steel. Thereby, the lower strut part and the casing may be formed in a single

piece, e.g. by casting. This facilitates the manufacturing of an interface between the
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strut and the casing. The upper strut part may be made of a material which is different
from that of the lower strut part. For example, the upper strut part may be made of a
fiber reinforced plastic material, such as a glass and/or carbon fiber reinforced plastic
material. Thereby, the upper strut part can be provided with a high stiffness to weight
ratio, and/or a high strength to weight ratio. Also, service and repair of the motor pod,
the strut, and/or the second hydrofoil, may be facilitated. In particular, the lower strut
part may be demounted from the upper strut part, making the second hydrofoil easy to

access, for replacement or repair.

Preferably, a trailing edge of the strut merges into a fin on the motor pod. The fin may
gradually decrease in height towards the propellers. Preferably, the ratio of the
horizontal extension of the fin to the maximum vertical extension of the fin is preferably
at least 1.5, more preferably at least 2.2, for example about 2.7. Thereby, the joint
between the strut trailing edge and the motor pod may be provided over a relatively long
distance in a direction with is parallel to the relative water free-flow. Thereby, the risk
of cavitation, due to an increased relative water velocity at the strut, and hence a
decreased pressure, may be avoided. In some embodiments, the ratio of the horizontal
extension of the fin to the maximum vertical extension of the fin is preferably at least

3.0, at least 4.0, or at least 5.0.

Preferably, the motor pod is arranged to be more submerged than the first hydrofoil
when the boat is travelling straight forward, and when the hull is carried by the first and
second hydrofoils. Thereby, there the motor pod is located behind the first hydrofoil,
water reaching the propeller(s) may be undisturbed by the first hydrofoil.

Preferably, the first hydrofoil is a submerged type hydrofoil. The second hydrofoil may
also be a submerged type hydrofoil. A submerged, or immersed hydrofoil, is a foil that
is designed to be fully submerged during a cruising mode of the boat. A submerged type
hydrofoil may have an adjustable pitch orientation so as to change the angle of attack of
the hydrofoil. A submerged type hydrofoil may, for a roll stability of the boat, be
arranged to be controlled so as to present different lift coefficients, and/or different

angles of attack, along the length of the foil. Roll may be defined as a movement around
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aroll axis which is substantially parallel to a direction of forward travel of the vessel.
The roll axis could extend within a hull symmetry plane, and it could be substantially

horizontal.

5  Making the first hydrofoil a submerged type hydrofoil further reduces the resistance of a
pod-electric-propulsion boat, which in turn allows reduced power requirements and a

smaller diameter motor housing, it turn additionally reducing resistance.

However, in some embodiments, the first hydrofoil type is a surface piercing hydrofoil.

10  In some embodiments, the second hydrofoil type is a surface piercing hydrofoil.

Further advantages and advantageous features of the invention are disclosed in the

following description and in the dependent claims.

15  BRIEF DESCRIPTION OF THE DRAWINGS

Below, embodiments of the invention will be described with reference to the drawings,
in which:
- fig. 1 shows a perspective view a boat according to an embodiment of the
20 invention,
- fig. 2 shows a side view of the boat in fig. 1,
- fig. 3 shows a view of the boat in fig. 1 from in front of the boat,
- fig. 4 shown a vertical and longitudinal cross-section of a motor pod of the boat
in fig. 1, and
25 - fig. 5 and fig. 6 show respective side views of respective boats according to

alternative embodiments of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

30 Fig. 1-fig. 3 show a hydrofoil boat 1. The boat comprises a hull 2. As can be seen in

fig. 3, the hull 2 presents, when the boat is floating at rest, an imaginary vertical
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symmetry plane SP, and an imaginary horizontal plane HP coinciding with a waterline

of the hull 2.

The boat comprises a first hydrofoil 301 fastened to the hull 2 by means of a first
fastening arrangement 302. The first hydrofoil 301 is a submerged type hydrofoil. The
first hydrofoil 301 has an adjustable pitch orientation so as to change the angle of attack
of the first hydrofoil. The first hydrofoil 301 is connected to the hull by means of the
first fastening arrangement 302. The first fastening arrangement 302 comprises two foil
holding members 302. The foil holding members 302 are in the form of struts, herein
also referred to as first struts. The first hydrofoil 301 may be, as exemplified in fig. 2, in
the direction of travel of the boat 1, located substantially at a center of gravity CG of the

boat.

In some embodiments, the boat does not comprise an adjustable hydrofoil. In some

embodiments, the boat comprises a surface piercing first hydrofoil.

The boat also comprises a second hydrofoil 601. The second hydrofoil 601 is a
submerged type hydrofoil. The second hydrofoil is fastened to the hull 2 by means of a
second fastening arrangement 503. The second fastening arrangement 503 is separate
from the first fastening arrangement 302. The second fastening arrangement comprises a
strut 503 arranged to extend downwards from the hull 2. The second hydrofoil is fixed
to the strut. The strut is fastened to the hull at a stern of the hull. The second hydrofoil is
located behind the first hydrofoil 301 as seen in a direction of straight forward travel of
the boat. The second hydrofoil is arranged to support, in a hydrofoil driving mode, an

aft part of the hull.

The hull 2 in this embodiment comprises a stern extension 201. The strut 503 extends
through an opening or a recess (not shown) in the stern extension. In some
embodiments, the strut 503 is mounted on a transom of the hull. In other embodiments,
the strut extends through an opening in the hull, between the stern of the boat and the

first fastening arrangement 302.
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The boat also comprises a motor pod 502. The motor pod 502 is fixed to the strut 503.
Thus motor pod 502 is provided below the stern of the hull. The motor pod 502 is
located below the second hydrofoil 601 when the boat is floating in an upright

condition. The length MPL of the motor pod is in this example 1000 mm.

Reference is made also to fig. 4. The motor pod comprises a casing 5021. The casing
has a cylindrical outer surface. The diameter CD of the casing outer surface is in this
example 105 mm. Two electric motors 5051, 5052 are housed coaxially in the casing.
Two propellers 5011, 5012 are each arranged to be driven by a respective of the motors.
The diameters PD of the propellers 5011, 5012 are in this example about 230 mm. The
propellers 5011, 5012 are counter-rotating. The propellers are located behind the
motors, as seen in a direction of straight forward travel of the boat. The propellers are
pushing propellers. In some embodiments, the aft propeller may have a smaller diameter
than the forward propeller. The propellers comprise blades which are mounted on
propeller hubs. The combined length PHL of the propeller hubs is in this example about
240 mm.

In some embodiments, the propellers are pulling propellers. Thereby, the propellers are
located in front of the motors, as seen in a direction of straight forward travel of the

boat.

The motors are arranged to be powered by a power source such as a battery pack 504,

shown in fig. 2. Cables 506 for power and control of the motors are indicated in fig. 4.

Each motor comprises a stator 5071, 5072. The stator is fixed to an inner surface of the
casing 5021. Each motor also comprises a rotor 5081, 5082, fixed to a respective of two
propeller shafts, 5091, 5092. An inner shaft 5091 of the shafts connects a forward motor
5051 of the motors to an aft propeller 5011 of the propellers. An outer shaft 5092 of the
shafts connects a rear motor 5051 of the motors to a forward propeller 5011 of the

propellers. The inner shaft 5091 extends through the outer shaft 5092.
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The diameter MD of each motor is in this example 95 mm. The length ML of each
motor is in this example 180 mm. The inner shaft has in this example a diameter of 20

mm. The outer shaft has in this example a diameter of 35 mm.

In some embodiments, only one electric motor is housed in the casing, and one

propeller is arranged to be driven by the motor.

The strut 503 holding the motor pod 502 is, by means of one or more strut bearings
5033, pivotally connected to a strut mounting arrangement 5034 so that the strut may be
turned in relation to the hull. The strut mounting arrangement could be provided in the
form of a bracket. The strut mounting arrangement is preferably fixed to the hull.
Thereby, the strut with the motor pod may be controlled so as to steer the boat.
Preferably, the strut 503 extends 0.7-2.0 meters between the one or more strut bearings

and the motor pod 502.

The strut 503 is arranged to be tilted around an axis which is substantially horizontal
when the boat is floating in an upright condition, and substantially lateral to a direction
of straight travel of the boat. Thereby, the strut may be tilted clockwise or

anticlockwise, as seen in the view of fig. 2.

As can be seen in fig. 4, the strut 503 comprises a lower strut part 5031 and an upper
strut part 5032. The lower strut part extends between motor pod and second hydrofoil
601. The second hydrofoil 601 is mounted between the lower and upper strut parts. The
second hydrofoil may be provided as a single component extending between two foil
tips. The second hydrofoil is mounted to the strut at a region in the middle between the
foil tips. The second hydrofoil extends through the strut. The second hydrofoil is
sandwiched between the strut portions. The strut may have a streamlined cross-section,
e.g. a foil-shaped cross-section, which could have a symmetrical shape. In this example,
a rear portion of the second hydrofoil 601 is located behind a trailing edge of the strut
503. The lower and/or the upper strut parts may present a respective protrusion 50311,
50321 to support the second hydrofoil. The protrusion(s) may follow, in a chordwise

direction of the second hydrofoil, the surface of the second hydrofoil. The fastening of
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the upper and lower strut portions to each other, and to the second hydrofoil, may be

done in any suitable manner, e.g. with bolts and/or adhesive.

In some embodiments, a portion of the second hydrofoil 601 may extend behind and/or
5 in front of the strut 503. Thereby, the second hydrofoil may extend partly through the

strut.

As illustrated in fig. 2 and fig. 4, a trailing edge of the strut 503 merges into a fin 511 on
the motor pod 502. The fin gradually decreases in height towards the propellers 5011,
10 5012. The ratio of the horizontal extension DFH of the fin to the maximum vertical

extension DFV of the fin is in this example about 6.

As understood from fig. 2 and fig. 3, the motor pod 502 is arranged to be more
submerged than the first hydrofoil 301 when the boat is travelling straight forward, and
15  when the hull 2 is carried by the first and second hydrofoils 301, 601.

An aspect of the invention provides a boat according to any one of the following
clauses.

20 1. A boat comprising
a hull 2,

- afirst hydrofoil assembly comprising a first hydrofoil 301 and a first
fastening arrangement 302, the first hydrofoil 301 being fastened to the hull
2 by means of the first fastening arrangement 302,

25 - asecond hydrofoil assembly, which is separate from the first hydrofoil
assembly, comprising a second hydrofoil 601 and a second fastening
arrangement 503, the second hydrofoil 601 being fastened to the hull 2 by
means of the second fastening arrangement 503, and

- amotor pod 502 fixed to the first hydrofoil assembly, or to the second

30 hydrofoil assembly,
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- wherein the motor pod comprises a casing, a power supply assembly housed
in the casing, and a propeller arranged to be driven by the power supply

assembly.

. A boat according to clause 1, wherein the casing has a cylindrical outer surface

wherein the ratio between the length of the motor pod MPL and the casing outer

diameter CD is at least 5, preferably at least 7, for example around 9.5.

. A boat according to any one of the preceding clauses, wherein the diameter of

the propeller 5011, 5012 is 180-350 mm.

. A boat according to any one of the preceding clauses, wherein the ratio between

the length MPL of the motor pod and the diameter MD of the propeller is at least
3.0, preferably at least 3.7, for example 4.3.

. A boat according to any one of the preceding clauses, wherein the casing has a

cylindrical outer surface with a diameter of 80-140 mm.

. A boat according to any one of the preceding clauses, wherein the power supply

assembly comprises one or more electric motors, wherein the casing has a
cylindrical outer surface, wherein the ratio between the casing outer diameter
CD and the diameter MD of the respective motor is equal to or less than 1.20,

preferably equal to or less than 1.15, for example 1.10.

. A boat according to any one of the preceding clauses, wherein the casing is

made in bronze.

. A boat according to any one of the preceding clauses, wherein the power supply

assembly comprises one or more electric motors wherein for each motor the
ratio between the length ML of the motor and the diameter MD of the motor is

at least 1.4, preferably at least 1.7, for example 1.9.

. A boat according to any one of the preceding clauses, wherein the power supply

assembly comprises one or more electric motors wherein the ratio between the
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length ML of each motor and the length MPL of the motor pod is at least 0.12,
preferably at least 0.15, for example 0.18.

10. A boat according to any one of the preceding clauses, wherein the second
5 fastening arrangement comprises a strut 503 arranged to extend at least partly

downwards from the hull 2, the second hydrofoil being fixed to the strut.

11. A boat according to clause 10, wherein the strut is located behind the first
fastening arrangement as seen in a direction of straight forward travel of the

10 boat.

12. A boat according to clause 10, wherein the strut is located in front of the first

fastening arrangement as seen in a direction of straight forward travel of the

boat.
15

13. A boat according to any one of clauses 10-12, wherein the motor pod 502 is
fixed to the strut 503.

14. A boat according to any one of clauses 1-12, wherein the motor pod 502 is fixed

20 to the first fastening arrangement.

15. A boat according to any one of the preceding clauses, wherein a trailing edge of
the strut 503 merges into a fin 511 on the motor pod 502, wherein the ratio of
the horizontal extension DFH of the fin to the maximum vertical extension DFV

25 of the fin is at least 1.5.

Where a stator of the motor is in contact with the casing, the ratio between the casing
outer diameter CD and the diameter MD of the respective motor being equal to or less
than 1.20, provides for an effective cooling of the motor by a relatively thin wall of the
30 casing. Where a stator of the motor is in contact with the casing, and the casing is made
in bronze, with the relatively high heat conductivity of bronze, the casing may provide

an effective cooling of the motor.
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An embodiment where the second fastening arrangement comprises a strut 503 located

behind the first fastening arrangement as seen in a direction of straight forward travel of
the boat, is illustrated in fig. 1-3. An embodiment where the strut 503 is located in front
of the first fastening arrangement 302 as seen in a direction of straight forward travel of

the boat, is illustrated in fig. 5.

Regardless whether the strut 503 is located behind or in front of the first fastening
arrangement, the boat may comprise a strut mounting arrangement 5034 for fixing the
strut 503 to the hull 2, wherein the strut is, by means of one or more strut bearings 5033,
pivotally connected to the strut mounting arrangement so that the strut and the motor

pod may be turned in relation to the hull so as to steer the boat.

The strut 503 may extend 0.7-2.0 meters between the one or more strut bearings and the
motor pod 502. The strut may be arranged to be tilted around an axis which is
substantially horizontal when the boat is floating in an upright condition, and
substantially lateral to a direction of straight travel of the boat. The second hydrofoil
601 may be located above the motor pod 502 when the boat is floating in an upright
condition. However, in some embodiments, the second hydrofoil 601 and the motor pod
502 are at the same position along the strut. The strut may comprise a lower strut part
and an upper strut part, the second hydrofoil being mounted to the strut, between the
lower and upper strut parts. The second hydrofoil 601 may be provided as a single

component extending between two foil tips.

It should be noted that within the scope of the clauses, the second fastening arrangement

may comprise two or more struts for holding the second hydrofoil.

An embodiment where the motor pod 502 is fixed to the first hydrofoil 301 is
exemplified in fig. 6. In some embodiments, e.g. where the first fastening arrangement

302 comprises a single strut, the motor pod 502 may be fixed to the strut.

It is understood that boat according to the clauses above may be provided in a variety of

ways. For example, the power supply assembly may comprise two electric motors
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housed coaxially in the casing. The two propellers 5011, 5012 may each be arranged to
be driven by a respective of the motors. The propellers 5011, 5012 may each be
arranged to be driven directly by a respective of the motors without a gear arrangement.
The motors may be positioned one after the other in a longitudinal direction of the
motor pod. This is exemplified in fig. 4. The propellers 5011, 5012 are preferably

counter-rotating.

However, in some embodiments, the motor pod may comprise a single propeller

arranged to be driven by a single motor.

The motor pod 502 may be arranged to be more submerged than the first hydrofoil 301
when the boat is travelling straight forward, and when the hull 2 is carried by the first
and second hydrofoils 301, 601. The first hydrofoil 301 and/or the second hydrofoil
may be a submerged type hydrofoil.

It is to be understood that the present invention is not limited to the embodiments
described above and illustrated in the drawings; rather, the skilled person will recognize
that many changes and modifications may be made within the scope of the appended

claims.
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1. A boat comprising

a hull (2),

a first hydrofoil (301) fastened to the hull (2) by means of a first fastening
arrangement (302), and

a second hydrofoil (601) fastened to the hull (2) by means of a second
fastening arrangement (503) which is separate from the first fastening
arrangement (302),

wherein the second fastening arrangement comprises a strut (503) arranged
to extend at least partly downwards from the hull (2), the second hydrofoil
being fixed to the strut,

characterised in that the boat comprises a motor pod (502) fixed to the strut
(503),

wherein the strut and the motor pod are turnable in relation to the hull for
steering the boat,

wherein the motor pod comprises a casing, a power supply assembly housed
in the casing, and two propellers arranged to be driven by the power supply
assembly,

wherein the propellers (5011, 5012) are counter-rotating.

2. A boat according to claim 1, wherein the second hydrofoil is located behind the

first hydrofoil (301) as seen in a direction of straight forward travel of the boat.

3. A boat according to any one of the preceding claims, wherein the power supply

assembly comprises two electric motors housed coaxially in the casing.

4. A boat according to claim 3, wherein the propellers (5011, 5012) are each

arranged to be driven by a respective of the motors.

5. A boat according to any one of claims 3-4, wherein the propellers (5011, 5012)

are each arranged to be driven directly by a respective of the motors without a

gear arrangement.
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A boat according to any one of claims 3-5, wherein the motors are positioned

one after the other in a longitudinal direction of the motor pod.

A boat according to any one of the preceding claims, wherein the casing is made

in bronze.

A boat according to any one of the preceding claims, wherein the diameters of

the propellers (5011, 5012) are 180-350 mm.

A boat according to any one of the preceding claims, wherein the casing has a

cylindrical outer surface with a diameter of 80-140 mm.

A boat according to any one of the preceding claims, wherein the casing has a
cylindrical outer surface, wherein the ratio between the length of the motor pod
(MPL) and the casing outer diameter (CD) is at least 5, preferably at least 7, for

example around 9.5.

A boat according to any one of the preceding claims, comprising a strut
mounting arrangement for fixing the strut (503) to the hull (2), wherein the strut
is, by means of one or more strut bearings, pivotally connected to the strut
mounting arrangement so that the strut and the motor pod may be turned in

relation to the hull so as to steer the boat.

A boat according to claim 11, wherein the strut (503) extends 0.7-2.0 meters

between the one or more strut bearings and the motor pod (502).

A boat according to any one of the preceding claims, wherein the strut is
arranged to be tilted around an axis which is substantially horizontal when the
boat is floating in an upright condition, and substantially lateral to a direction of

straight travel of the boat.



WO 2022/010402 PCT/SE2021/050671

10

15

20

25

30

14.

15.

16.

17.

18.

19.

20.

21

A boat according to any one of the preceding claims, wherein the second
hydrofoil (601) is located above the motor pod (502) when the boat is floating in

an upright condition.

A boat according to any one of the preceding claims, wherein the second

hydrofoil (601) and the motor pod (502) are at the same position along the strut.

A boat according to any one of the preceding claims, wherein the strut
comprises a lower strut part and an upper strut part, the second hydrofoil being

mounted to the strut, between the lower and upper strut parts.

A boat according to any one of the preceding claims, wherein the second
hydrofoil (601) is provided as a single component extending between two foil

tips.

A boat according to any one of the preceding claims, wherein a trailing edge of
the strut (503) merges into a fin (511) on the motor pod (502), wherein the ratio
of the horizontal extension (DFH) of the fin to the maximum vertical extension

(DFV) of the fin is at least 1.5.

A boat according to any one of the preceding claims, wherein the motor pod
(502) is arranged to be more submerged than the first hydrofoil (301) when the
boat is travelling straight forward, and when the hull (2) is carried by the first
and second hydrofoils (301, 601).

A boat according to any one of the preceding claims, wherein the first hydrofoil

(301) is a submerged type hydrofoil.
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