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(57) A powering system (10) for a watercraft is pro-
vided. The powering system for a watercraft comprises
a propeller (100), an electric motor (20), and a gearbox
(30) coupled to the electric motor. The powering system
for a watercraft further comprises an input shaft (50), an
intermediate shaft (60), and a propeller shaft (70).

The input shaft has a first end (51) coupled to the
gearbox and a second end (52) rotatably coupled to the
intermediate shaft. The intermediate shaft has a first end
(61) rotatably coupled to the input shaft and a second
end rotatably (62) coupled to the propeller shaft. The pro-
peller shaft has a first end (71) rotatably coupled to the

POWERING SYSTEM FOR A WATERCRAFT

intermediate shaft and a second end (72) coupled to the
propeller. The intermediate shaft comprises an upper
portion (63) extending in a second direction (2) and a
lower portion (64), the lower portion being rotatably cou-
pled to the upper portion.

Additionally, the powering system for a watercraft
comprises an upper supporting (120) and a lower sup-
porting structure (130). The upper supporting structure
is configured to be tiltable coupled to a watercraft. The
lower supporting structure is rotatably coupled to the up-
per supporting structure to rotate about the second di-
rection.

Figure 1
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Description

[0001] The presentdisclosure relates to powering sys-
tems for a watercraft and to watercrafts comprising a
powering system.

BACKGROUND

[0002] Watercrafts or boats are moved across water
by a thrust force generated by a powering system or pro-
pulsion system. The powering system may include a mo-
tor, e.g. a diesel motor and/or an electric motor. Depend-
ing on the arrangement of the powering system, the pow-
ering system may be an inboard powering system, an
outboard powering system or a sterndrive powering sys-
tem.

[0003] Inboard powering systems include a motor sit-
uated and supported within the hull of the watercraft.
Therefore, a significant space within the hull is required
for arranging the motor, which limits the available space
to be utilized for other purposes such as cabin space,
storage, etc. In addition, as the motor is located inside
the hull in a limited space, the accessibility of the motor
for maintenance operations is hindered.

[0004] The motor of inboard powering systems gener-
ally drives a single propeller shaft having a first end cou-
pled tothe motorand a second end coupled to apropeller.
The propeller shaft extends along the stern of the water-
craft and rotates about the axis of the propeller shaft. The
propeller shaft generally forms a fixed angle with the hull
of the watercraft which cannot be adjusted or modified
with respect to the water level. The position of the pro-
peller is thus fixed relative to the watercraft, allowing in-
crustation of algae and mollusks onto the propeller shaft
and the propeller. Therefore, no tilting operations, i.e.
lifting the motor, are available. The hull comprises an
aperture for passing the propeller shaft through the hull
to connect the motor to the propeller. Although this ap-
erture may be sealed, water and moisture may enter into
the hull and may come into direct contact with the inboard
powering system. This may result in corrosion and wear
may increase. In addition, a precise alignment of the pro-
peller shaft is required to prevent excessive vibrations
and/or noise. Therefore, installation of inboard powering
systems may involve a labor-intensive process.

[0005] Furthermore,inboard powering systems cannot
rotate about a vertical direction to steer the watercraft.
One or more rudders located behind the propeller are
used for steering the watercraft which may adversely in-
crease the draft of the watercraft.

[0006] In outboard powering systems, the motor is ar-
ranged outside the hull of the watercraft. Outboard pow-
ering systems typically include an upper structure sup-
porting the motor, a vertical input shaft and a lower struc-
ture supporting a horizontal propeller shaft.

[0007] Outboard powering systems are typically at-
tachedto a transom of the watercraft. The entire outboard
powering system can be rotated about the vertical axis
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to steer the watercraft. In addition, the entire outboard
powering system can be pivoted about an axis extending
parallel to the port - starboard direction of the watercraft
so as to perform tilting operations, i.e. lifting the outboard
powering system above the water level, and/or trimming
operations, i.e. slightly adjust the thrust angle of the pro-
peller shaft relative to the hull. Transoms may be sub-
jected to wear which may increase the risk of detaching
the outboard powering system from the transom. In ad-
dition, transoms may be subjected to high loads since
the entire outboard powering system is moved for e.g.
steering, tilting, and/or trimming. To withstand these high
loads, structural reinforcements of the transom may be
required. This may increase the size and/or weight of the
transom which may limit the available space within the
hull. As the whole outboard powering system can be
moved, large actuators are usually required.

[0008] Inaddition, dimensions of the motor used in out-
board powering systems is typically constrained by the
forces required to move the outboard powering system
with respectto the watercraft (e.g. tilting, trimming, and/or
steering). Accordingly, employing larger motors is typi-
cally avoided.

[0009] Furthermore, the weight of outboard powering
systems using an electric motor increases since the elec-
tric motor and the batteries are typically integrated within
the outboard powering system. This generates higher
loads when the powering system is moved relative to the
watercraft. For this reason, powerful electric motors are
not typically used in outboard powering systems.
[0010] Sterndrive powering systems include a motor
arranged inside the hull of the watercraft and a drive sys-
tem projecting from the hull coupled to the propeller.
Therefore, similarly to inboard powering systems, valu-
able space inside the hull is used, and accessibility to
the motor for maintenance operations is hindered.
[0011] The drive system of a sterndrive powering sys-
tem generally comprises a horizontal input shaft having
afirstend coupled to the motorand a second end coupled
to a vertical intermediate shaft. This vertical intermediate
shaft is connected to the propeller through a horizontal
propeller shaft. The horizontal input shaft, the vertical
intermediate shaft and the horizontal propeller shaft are
typically enclosed and supported by a supporting struc-
ture extending outwardly from the hull of the watercraft.
[0012] In addition, the hull comprises an aperture for
passing the horizontal input shaft through the hull to con-
nect the motor with the vertical intermediate shaft. Al-
though this aperture may be sealed, water and moisture
may enter into the hull and may come into direct contact
with the motor of the sterndrive powering system. This
may result in corrosion and increased wear.

[0013] In some examples, the supporting structure ex-
tending outwardly from the hull may allow trimming op-
erations, i.e. slightly adjust the thrust angle of the propel-
ler shaft with the hull. However, steering movements (i.
e. to navigate through a desired direction) and/or tilting
movements (i.e. lifting the supporting structure above the
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water level), are generally restricted by the dimensions
of the supporting structure. Only limited steering and/or
trimming operations or movement can thus be per-
formed. This may result in incrustation of algae and mol-
lusks onto a portion of the supporting structure below a
water level. Wear of the components below the water
lever may consequently be increased.

[0014] Asexplained before, motors can be electric mo-
tors. Electric motors typically rotate at an electric motor
revolutions per minute which is typically higher than the
propeller revolutions per minute. Reductors may thus be
used to adapt the electric motor revolutions per minute
to the propeller revolutions per minute. These reductors
may require a large space. Integrating an electric motor
in any of the above-mentioned powering systems may
thus be challenging.

[0015] Examples of the present disclosure seek to at
least partially reduce one or more of the aforementioned
problems.

SUMMARY

[0016] In afirstaspect, a powering system for a water-
craft is provided. The powering system for a watercraft
comprises a propeller, an electric motor, and a gearbox
coupled to the electric motor. The powering system for
a watercraft further comprises an input shaft, an interme-
diate shaft, and a propeller shaft.

[0017] The input shaft has a first end coupled to the
gearbox and a second end rotatably coupled to the in-
termediate shaft. The input shaft extends from the first
endtothe second endin afirstdirection. The intermediate
shaft has a first end rotatably coupled to the input shaft
and a second end rotatably coupled to the propeller shaft.
The intermediate shaft comprises an upper portion and
alower portion, the lower portion being rotatably coupled
to the upper portion. The upper portion of the intermediate
shaft extends in a second direction. The propeller shaft
has a first end rotatably coupled to the intermediate shaft
and a second end coupled to the propeller. The propeller
shaft extends from the first end to the second end in a
third direction. The first direction is perpendicular to the
second direction and substantially parallel to the third
direction.

[0018] Additionally, the powering system for a water-
craft comprises an upper supporting and a lower sup-
porting structure. The upper supporting structure sup-
ports the electric motor and the gearbox. The upper sup-
porting structure is configured to be tiltable coupled to a
watercraft. The lower supporting structure supports the
propeller and the propeller shaft. The lower supporting
structure is rotatably coupled to the upper supporting
structure to rotate about the second direction.

[0019] In this aspect, a powering system with an elec-
tric motor for moving a watercraft across water by a thrust
force is provided. A compact powering system with an
electric motor is thus provided. Any suitable electric mo-
tor may be used in the powering system according to the
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present disclosure.

[0020] The entire powering system, i.e. from the elec-
tric motor to the propeller, is arranged outside the hull of
the watercraft. Therefore, the powering system may save
space inside the hull. Furthermore, problems related to
water entering into the hull may be avoided.

[0021] In addition, the entire powering system may be
manufactured independent from the watercraft. For ex-
ample, the powering system may be manufactured in a
factory and then installed to the watercraft at a boat deal-
er. Manufacturing and logistics may thus be improved.
In addition, less labor-intensive processes are required
for installing the powering system into watercraft at the
boat dealer. Efficiency and versatility of mounting the
powering system in the watercraft may consequently be
increased. Furthermore, maintenance operations may
be simplified. For example, the entire power system can
be detached from the watercraft and maintenance oper-
ations can be more easily performed. Therefore, any por-
tion of the powering system may be easily accessed.
Cost and time for replacing a failed component may be
reduced.

[0022] The electric motor drives the gearbox which is
connected to the input shaft. The input shaft extends and
is configured to rotate about the first direction. In use, the
first direction is substantially horizontal and extends sub-
stantially parallel to a bow to stern direction. The rotation
of the input shaft about the first direction drives the rota-
tion of the intermediate shaft about the second direction.
The input shaft and the intermediate shaft are substan-
tially perpendicular. An input shaft gear may be arranged
at the second end of the input shaft to mesh a first inter-
mediate shaft gear arranged at the first end of the inter-
mediate shaft. These gears may be bevel and/or helical
gears to transmit power in a perpendicular direction.
[0023] The rotation of the intermediate shaft about the
second direction drives the rotation of the propeller shaft
about the third direction to rotate the propeller to move
the watercraft. Since the third direction and the first di-
rection are substantially parallel, the intermediate shaft
and the propeller shaft are substantially perpendicular.
A gear associated with the second end of the intermedi-
ate shaft may mesh with a gear associated with the first
end of the intermediate shaft. For example, these gears
may be bevel and/or helical gears.

[0024] The configuration of these shafts allows to effi-
ciently transmit power from the electric motor to the pro-
peller in a compact way. In addition, the rotational speed
provided by the electric motor may be adapted to a rota-
tional speed of the propeller. Consequently, the electric
motor revolutions per minute provided by the electric mo-
tor may be reduced to the propeller shaft revolutions per
minute to match the range of revolutions per minute of
the propeller. For example, the change of direction of the
shafts, e.g. from the input shaft to the intermediate shaft,
may be used to reduce the rotational speed.

[0025] In some examples, the electric motor is config-
ured to rotate at an electric motor revolutions per minute
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and the gearboxis configured to reduce the electric motor
revolutions per minute to an input shaft revolutions per
minute. Different configurations of gearbox may be used
to reduce the rotational speed from the electric motor
revolutions per minute to the input shaft revolutions per
minute.

[0026] In some examples, the second end of the input
shaft and the first end of the intermediate shaft may be
configured toreduce aninputshaftrevolutions per minute
to an intermediate shaft revolutions per minute. A pair of
gears, each of them associated with one of the input shaft
and the intermediate shaft may be used to reduce the
rotational speed and to change the direction of the shafts.
[0027] In some examples, the second end of the inter-
mediate shaft and the first end of the propeller shaft may
be configured to reduce an intermediate shaft revolutions
per minute to a propeller shaft revolutions per minute.
For example, a second intermediate shaft gear arranged
at the second end of the intermediate shaft may mesh a
propeller shaft gear to reduce the revolutions per minute.
[0028] According to the present disclosure, the upper
supporting structure may be tilted with respect to the wa-
tercraft such that the upper supporting structure and the
lower supporting structure may be positioned above a
water level. The powering system may thus be tilted with
respect to the watercraft as a single unit. Consequently,
the electric motor, the gearbox, the shafts, and propeller
may be easily accessed to perform maintenance opera-
tions. Moreover, tilting the powering system above the
water level may prevent water from coming into direct
contact with the powering system. Consequently, infiltra-
tion of moisture or water to internal critical areas of the
powering system may be avoided and thus, corrosion
and wear may be reduced. Furthermore, tilting the pow-
ering system above the water level may prevent the in-
crustation of algae and mollusks onto the powering sys-
tem. Wear may thus be reduced, and performance of the
powering system may be improved.

[0029] As the lower supporting structure is rotatably
coupled to the upper supporting structure, the propeller
may rotate relative to the upper structure. Accordingly,
only the rotation of the lower structure may be required
to perform steering operations. Consequently, loads re-
quired to steer the propeller may be decreased. In addi-
tion, drag may be reduced and loads required to maintain
a predetermined steering angle or steering direction may
be decreased.

[0030] In some examples, the powering system may
further comprise a bearing rotatably coupling the lower
supporting structure to the upper supporting structure.
Examples of suitable bearings may be roller bearings
and gliding pad bearings.

[0031] Toallowthe lower supporting structure to rotate
relative to the upper supporting structure, the intermedi-
ate shaft comprises an upper portion that can rotate rel-
ative to the lower portion about the second direction. The
lower portion may thus be driven by the upper portion
and rotate with respect to the upper portion about the
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second direction. Axis of rotation of the lower portion and
of the upper portion are thus parallel to the second direc-
tion. In some examples, the intermediate shaft may com-
prise a universal joint rotatably coupling the upper portion
to the lower portion of the intermediate shaft.

[0032] In some examples, the powering system may
further comprise a steering system to rotate the lower
supporting structure about the upper supporting struc-
ture. The steering system orientates the lower supporting
structure to position the propeller at a predetermined di-
rection, i.e. the steering angle. The steering system may
comprise an actuator to cause the rotation of the lower
support structure about the upper support structure. The
actuator may have a first end coupled to the upper sup-
porting structure and a second end coupled to the lower
supporting structure. When the actuator changes its
length, the actuator may push or pull its second end cou-
pled to the lower supporting structure. As the lower sup-
porting structure is rotatably coupled to the upper sup-
porting structure, the actuator by changing its length ro-
tates the lower supporting structure about the upper sup-
porting structure. Since the steering system may only
rotate the lower supporting structure, loads required to
rotate may be reduced. Accordingly, relatively small ac-
tuators may be used.

[0033] In a further aspect, a watercraft comprising a
hull and the powering system according to any of exam-
ples herein disclosed is provided. The hull extends from
a port side to a starboard side along a port - starboard
direction and from a bow to a stern along a bow - stern
direction, the hull comprising a coupling portion. In this
aspect, the upper supporting structure of the powering
system is tiltable coupled to the coupling portion of the
hull.

[0034] Advantages derived from this second aspect
may be similar to those mentioned regarding the power-
ing system of the first aspect. Namely, saving space in-
side the hull, simplifying the installation of the powering
system, improving maintenance, and decreasing loads
required to maintain the steering angle. Furthermore, cor-
rosion and wear may be prevented, e.g. when the pow-
ering system is tilted above the water level.

[0035] Insome examples, the coupling portion may be
integrated within the hull. In further examples, the cou-
pling portion may be attached to the hull, e.g. to the stern
side of the hull.

[0036] In some examples, the watercraft comprises a
positioning system to position the power system relative
to the water level. The positioning system may thus tilt
the powering system with respect to the hull. The posi-
tioning system may be arranged at the hull of the water-
craft. In some examples, the positioning system may be
fixedly coupled to the hull of the watercraft. Alternatively,
the positioning system may be placed on the hull when
tilting the powering system is required. Rotatory actua-
tors and/or linear actuators may be used to rotate the
powering system about an axis parallel to the port - star-
board direction, i.e. for tilting the powering system.
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[0037] In some examples, the upper supporting struc-
ture may comprise a mounting bracket to support a con-
necting member for connecting the upper supporting
structure to the watercraft. The connecting member may
connect the coupling portion of the hull to the mounting
bracket of the upper supporting structure. The connecting
member may be rotatably coupled to the coupling portion
of the hull to allow the upper supporting structure to tilt
about the watercraft.

[0038] Insome ofthese examples, the mounting brack-
et may be fixedly connected to the connecting member
which extends in a direction parallel to the port-starboard
direction. A rotatory actuator may be employed to rotate
the connecting member so as to rotate rotating the pow-
ering system about an axis parallel to the port - starboard
direction.

[0039] Alternatively, the connecting member compris-
es a first end rotatably coupled to the coupling portion of
the hull and a second end rotatably coupled to the mount-
ing bracket of the upper supporting structure. The con-
necting member may rotate with respect to the coupling
portion about a connecting member first end axis and
with respect to the mounting bracket about a connecting
member second end axis. The connecting member first
end axis and the connecting member second end axis
may be substantially parallel to the port - starboard di-
rection. Furthermore, the connecting member first end
axis may be spaced apart a distance from the connecting
member second end axis. Accordingly, the upper sup-
porting structure may rotate about the connecting mem-
ber first end axis and about the connecting member sec-
ond end axis. The connecting member first end axis and
the connecting member second end axis are separated
by a distance substantially corresponding to the length
of the connecting member. This increases the precision
of the height of the propeller relative to the water level.
For example, this arrangement allows performing large
tilting and/or trimming operations Therefore, the position
of the propeller shaft relative to the watercraft may be
modified or adjusted to the water level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] Non-limiting examples of the present disclosure
will be described in the following, with reference to the
appended drawings, in which:

Figure 1 is a simplified view of a powering system
according to one example of the present disclosure;

Figure 2 is an isometric view of a watercraft compris-
ing a powering system according to an example of
the present disclosure;

Figures 3a and 3b respectively shows is a top side
view of a powering system according to one example
of the present disclosure at different steering angles;
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Figures 4a - 4c respectively shows a side view of a
powering system coupled to a watercraft according
to one example of the present disclosure at different
positions;

Figures 5a - 5d respectively shows a side view of a
powering system coupled to a watercraft according
to one example of the present disclosure at different
positions;

Figure 6 is a cross-sectional view of a powering sys-
tem according to one example of the present disclo-
sure;

Figure 7 is an isometric view of a watercraft compris-
ing a powering system and a coupling portion ac-
cording to one example of the present disclosure.

DETAILED DESCRIPTION OF EXAMPLES

[0041] Inthese figures the same reference signs have
been used to designate matching elements.

[0042] Figure 1 illustrates a simplified view of one ex-
ample of a powering system 10 comprising an electric
motor 20 and a gearbox 30 coupled to the electric motor
20. The electric motor 20 converts electrical energy into
mechanical energy. The electric motor 20 may be an al-
ternating current (AC) motor (e.g. asynchronous motor,
synchronous motor) comprising a rotor encircled by a
stator. The stator is a stationary element, and the rotor
is the rotating element. The rotor may be rotatably mount-
ed on the stator through a bearing so that the rotor may
rotate relative to the stator around an axis. On the one
hand, the stator comprises slots for receiving winding
which passes through the slots of the stator. On the other
hand, the rotor comprises an electric motor shaft 40.
When an AC current passes through the winding of the
stator, a rotating magnetic field is generated. As a result,
currentis induced in the rotor which results in an induced
magnetic field around the rotor. The interaction of the
rotating magnetic field and the induced magnetic field
results in the rotation of the rotor about the axis of the
electric motor shaft 40. Therefore, the electric motor 20
may be configured to rotate the electric motor shaft 40
at an electric motor revolutions per minute.

[0043] The electric motor revolutions per minute may
be understood as the number of turns of the electric motor
shaft 40 in one minute.

[0044] The gearbox 30 is coupled to the electric motor
shaft 40 of the electric motor 20 through a shaft coupling.
The gearbox 30 may be a reduction gearbox arranged
to reduce the electric motor revolutions per minute.
[0045] In some examples, the gearbox 30 may be a
reduction gearbox comprising epicyclic gearing. The ep-
icyclic gearing may include a sun gear, one or more plan-
et gears, a ring gear, and a carrier element supporting
the planet gears.

[0046] The sun gear may be coupled to the electric
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motor shaft 40 such that the rotation of the electric motor
shaft 40 may be transferred to the sun gear. The sun
gear may rotate about a sun gear axis at the electric
motor revolutions per minute.

[0047] Thesungearmayengage the planetgears. The
sun gear and the planets gears may include gear teeth
such that the gear teeth of the sun gear mesh with the
gear teeth of the planet gears.

[0048] The planetgears may be arranged between the
sun gear and an inner surface of the ring gear. The inner
surface of the ring gear may include gear teeth configured
to mesh with the gear teeth of the planet gears.

[0049] Upon rotation of the sun gear, the planet gears
may rotate concentrically about the sun gear axis and
revolve externally of the sun gear and internally of the
ring gear. Thus, rotation of the planet gears may rotate
the carrier element about the sun gear axis.

[0050] Thegearratioe.g.sun gearrelative tothe planet
gears, sun gear relative to the ring gear, may be selected
to reduce the electric motor revolution per minute to pre-
determined revolutions per minute.

[0051] In this example, the ring gear is stationary (i.e.
the ring gear does not rotate about the axis of the sun
gear). During operation of the gearbox of the figure 1,
the sun gear may be rotated by the electric motor shaft
rotating at the electric motor revolutions per minute. In
this example, the sun gear meshes with the planet gears
and the planet gears rotates concentrically about the axis
of the sun gear which in turn rotates the carrier element
fixed to the planet gears. As a result, the output of the
gearbox 30 with epicyclic gearing may rotate at a de-
creased revolutions per minute than the electric motor
revolutions per minute.

[0052] The powering system further comprises an in-
put shaft 50, an intermediate shaft 60 and a propeller
shaft 70. The input shaft 50 extends from a first end 51
to a second end 52 in a first direction 1.

[0053] The first end 51 of the input shaft is coupled to
the gearbox 30. Thus, the gearbox 30 may reduce the
rotational speed of the electric motor revolutions per
minute to an input shaft revolutions per minute. The input
shaft revolutions per minute may be understood as the
number of turns of the input shaft 50 in one minute. There-
fore, the input shaft 50 coupled to gearbox through the
firstend 51 may perform a number of turns in one minute
that is lower to the number of turns of the electric motor
shaft in one minute.

[0054] In this example, the electric motor 20 rotates at
an electric motor revolutions per minute and the gearbox
30 reduces the electric motor revolutions per minute to
an input shaft revolutions per minute.

[0055] In this figure, the intermediate shaft 60 compris-
es afirstend 61 and a second end 62. The intermediate
shaft 60 further comprises an upper portion 63 and a
lower portion 64. The upper portion 63 extends in a sec-
ond direction 2 and the propeller shaft 70 extends from
afirst end 71 to a second end 72 in a third direction 3.
[0056] The first direction 1 is perpendicular to the sec-
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ond direction 2 and parallel to the third direction 3. Con-
sequently, the input shaft 50 is substantially perpendic-
ular to the intermediate shaft 60. Furthermore, the input
shaft 50 is substantially parallel to the propeller shaft 70.
[0057] The first end 61 of the intermediate shaft 60 is
rotatably coupled to the second end 52 of the input shaft
50 through a first coupling mechanism 80.

[0058] The first coupling mechanism 80 may comprise
an input shaft gear and a first intermediate shaft gear.
The input shaft gear may mesh with the first intermediate
shaft gear (not visible in Figure 1). The second end 52
of the input shaft 50 may comprise the input shaft gear
and the first end 61 of the intermediate shaft 60 may
comprise the first intermediate shaft gear.

[0059] Insome examples, the input shaft gear and the
first intermediate shaft gear may be e.g. bevel gears,
helical bears, and/or worm gearfor changing the direction
of the input shaft extending in the first direction 1 to the
direction of the upper portion of the intermediate shaft
extending in the second direction 2.

[0060] The gear ratio of the input shaft gear and the
first intermediate shaft gear may be suitable to reduce
the rotational speed of the input shaft revolution per
minute to a specific intermediate shaft revolutions per
minute, i.e. the number of turns of the intermediate shaft
60 in one minute.

[0061] Therefore, the second end 52 of the input shaft
50 and the first end 61 of the intermediate shaft 60 may
be configured to reduce an input shaft revolutions per
minute to an intermediate shaft revolutions per minute.

[0062] As herein before mentioned, the intermediate
shaft 60 comprises the upper portion 63 and the lower
portion 64. In this example, the lower portion 64 is rotat-
ably coupled to the upper portion 63 through a universal
joint 90. The universal joint 90 permits the rotation of the
lower portion 64 relative to the upper portion 63 about
the second direction 2. A torque and/or rotary motion may
be transmitted from the upper portion 63 to the lower
portion 64.

[0063] In some examples, the universal joint 90 may
be a variable velocity joint e.g. cardan joint, cross joint,
ball and trunnion joint for transmitting torque and/or rotary
motion from the upper portion 63 to the lower portion 64
through a variable angle at a variable rotational speed.

[0064] Alternatively, the universal joint 90 may be a
constant velocity joint e.g. double cardan joint, Tracta
joint, Rzeppa joint, Birfield joint, Weiss joint, tripod joint,
Malpezzi joint, and/or Thompson joint.

[0065] In addition, the universal joint 90 may allow
small angle variations between the upper portion 63 and
the lower portion 64. The upper portion 63 extends along
an upper portion axis 4. The upper portion axis 4 may be
substantially parallel to the second direction 2. Similarly,
the lower portion 64 extends along a lower portion axis
5. In this figure, the lower portion axis 5 may be substan-
tially parallel to the upper portion axis 4 and/or to the
second direction 2.

[0066] Insome examples, the lower portion axis 5 may
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form an angle with the upper portion axis 4. This angle
may adopt an angle between +175° and +185°. Conse-
quently, the input shaft 50 extending in the first direction
1is substantially parallel to the propeller shaft 70 extend-
ing in the third direction 3.

[0067] In this figure, the first end 71 of the propeller
shaft 70 is rotatably coupled to the second end 62 of the
intermediate shaft 60 through a second coupling mech-
anism 100.

[0068] The second couplingmechanism 100 may com-
prise a second intermediate shaft gear arranged at the
second end 62 of the intermediate shaft 60 meshing with
a propeller shaft gear arranged at the first end 71 of the
propeller shaft 70 (not visible in Figure 1).

[0069] The secondintermediate shaftgearand the pro-
peller shaft gear may be e.g. bevel gears, helical bears,
and/or worm gear for changing the direction of the inter-
mediate shaft extending in the second direction 2 to the
direction of the propeller shaft extending in the third di-
rection 3.

[0070] The gear ratio of the second intermediate shaft
gear and the propeller gear may be selected to reduce
the rotational speed of the intermediate shaft revolution
per minute. As a result, the second intermediate shaft
gear and the propeller gear may reduce the intermediate
shaft revolutions per minute to a propeller shaft revolu-
tions per minute, e.g. the number of turns of the propeller
shaft 70 in one minute.

[0071] Therefore, the second end 62 of the intermedi-
ate shaft 60 and the first end 71 of the propeller shaft 70
may be configured to reduce an intermediate shaft rev-
olutions per minute to a propeller shaft revolutions per
minute.

[0072] The second end 72 of the propeller shaft 70 is
coupled to a propeller assembly 110 of the powering sys-
tem 10. In this example, the propeller assembly 110 com-
prises a first propeller 111 and a second propeller 112.
The second end 72 of the propeller shaft 70 may be cou-
pled to a first propeller 111. A shaft may connect the first
propeller 111 to the second propeller 112. The propeller
shaft 70 may be coupled to a propeller assembly 110
such as the electric motor revolutions per minute may be
reduced to the propeller shaft revolutions per minute to
match the range of revolutions per minute of the propeller.
[0073] In some examples, the propeller shaft 70 may
be coupled to the first propeller 111 and/or the second
propeller 112.

[0074] Furthermore, the powering system 10 compris-
es an upper supporting structure 120 and a lower sup-
porting structure 130.

[0075] Thelowersupporting structure 130 may be sub-
stantially cylindrical or comprising a hollow interior with
an inner surface. The inner surface of the lower support-
ing structure 130 may comprise supports for supporting
and receiving the propeller shaft 70 and the propeller
assembly 110 such that the inner surface of the lower
supporting structure supports the propeller shaft 70 and
the propeller assembly 110.
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[0076] The lower supporting structure 130 thus sup-
ports the propeller shaft 70 and the propeller 110. Insome
examples, the second coupling mechanism 100 is also
supported by the lower supporting structure 130, i.e. the
lower supporting structure 130 may further support the
second end 62 of the intermediate shaft 60 and the first
end 71 of the propeller shaft 70.

[0077] Asexplained before, the lower supporting struc-
ture 130 is rotatably coupled to the upper supporting
structure 120 to rotate about the second direction 2. In
some examples, a bearing may be arranged to rotatably
coupling the lower supporting structure 130 to the upper
supporting structure 120.

[0078] In some of these examples, the bearing com-
prises a first bearing component and a second bearing
component. The first bearing component may be coupled
tothe lower supporting structure 130 whereas the second
bearing component may be coupled to the upper sup-
porting structure120. Abearing element may be arranged
between the first bearing component and the second
bearing component; such that the first bearing compo-
nent may be configured to rotate with respect to the sec-
ond bearing component.

[0079] The bearing element may comprise e.g. a glid-
ing pad, and/or a rolling element. The gliding pad may
reduce the friction between the first bearing component
and the second bearing component. Alternatively, or ad-
ditionally, a rolling element or a plurality of rolling ele-
ments may be arranged between the first and the second
components to allow the rotation of the lower supporting
structure about the second direction.

[0080] Theuppersupporting structure 120 may be sub-
stantially cylindrical or comprising a hollow interior. The
inner surface of the upper supporting structure 120 may
comprise supports for holding the electric motor 20 and
the gearbox 30 such that the inner surface of the upper
supporting structure supports the electric motor 20 and
the gearbox 30.

[0081] The upper supporting structure 120 thus sup-
ports the electric motor 20 and the gearbox 30. In some
examples, the upper supporting structure 120 may fur-
ther support the input shaft 50 and the upper portion 63
of the intermediate shaft 60.

[0082] In addition, additional components may be sup-
ported by the upper supporting structure 120, e.g. the
first coupling mechanism 80, the input shaft gear and/or
the first intermediate shaft gear.

[0083] In this example, the upper supporting structure
120 houses and covers the electric motor 20, the gearbox
30, the input shaft 50 and the upper portion 63 of the
intermediate shaft 60. The lower supporting structure 130
of this figure, houses and covers the lower portion 64 of
the intermediate shaft and the propeller shaft 70. These
components are thus respectively protected by the upper
supporting structure 120 and the lower supporting struc-
ture 130. In addition, the lower supporting structure 130
supports the propeller assembly 110.

[0084] In some examples, the lower supporting struc-
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ture may further support e.g. the second coupling mech-
anism 100, the second intermediate shaft gear and/or
the propeller shaft gear.

[0085] A sealing member may be arranged between
the upper supporting structure 120 and the lower sup-
porting structure to prevent water from entering inside
these supporting structures.

[0086] In Figure 1, the upper supporting structure 120
comprises a mounting bracket 140 to support a connect-
ing member for connecting the upper supporting struc-
ture 120 to a watercraft. Thus, a connection between the
upper supporting structure 120 and the watercraft may
be established. This connection allows the upper sup-
porting structure to be tiltable coupled to the watercraft.
The upper supporting structure 120 may be tilted such
that the upper supporting structure 120 and the lower
supporting structure 130 may be positioned above a wa-
ter level. Thus, the electric motor, the gearbox, the shafts,
and propeller may be easily accessed to perform main-
tenance.

[0087] Figure 2 shows a watercraft 400 comprising a
powering system 10 according to any of the examples
herein disclosed. The watercraft 400 comprises a hull
180 extending from a port side 185 to a starboard side
184 along a port - starboard direction 186 and from a
bow 182 to a stern 181 along a bow -stern direction 183.
The powering system 10 is tiltable coupled to a coupling
portion 190 of the hull 180.

[0088] The powering system may be coupled to the
coupling portion of the hull according to any of the exam-
ples herein disclosed. In this example, the length of the
watercraft may be between 5 and 15 meters. In some
examples, the length of the watercraft may be comprised
between 5 and 24 meters.

[0089] Figures 3aand 3brespectively shows atop side
view of a powering system 10 according to one example
of the present disclosure at different steering angles. Fig-
ures 3a and 3b illustrate a steering system 150 for steer-
ing operations i.e. rotating the lower supporting structure
130 about the upper supporting structure 120.

[0090] In this example, the steering system 150 com-
prises a pair of actuators, a port side actuator 151 and a
starboard side actuator 152. However, in other examples,
the steering system may comprise a single actuator.
Each of the actuators 151, 152 of these figures has a first
end 155, 156 coupled to the upper supporting structure
120 and a second end 157, 158 coupled to the lower
supporting structure 130.

[0091] A length may be defined for each of the actua-
tors between from the corresponding first end 155, 156
to the corresponding second end 157, 158. The length
of these actuators may be changed, i.e. extended or re-
duced. By controlling the length of each of the two actu-
ators 151, 152 of these figures, the lower supporting
structure 130 rotates about the second direction. The ac-
tuators 151, 152 may thus push or pull its respective sec-
ondends 157,158 to rotate the lower supporting structure
130 relative to the upper supporting structure 120.
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[0092] The steering angle 13 may be defined as the
angle defined by the first direction 1 and the third direction
3. The steering angle 13 is the angle adopted by the
propeller assembly 110 to steer or to guide the watercraft.
In figure 3a the steering angle 13 is about 30° and in
figure 3b about-30°. The steering angle 13 may be varied
to steer the watercraft to a specific direction. The steering
angle may adopt an angle between +60° and - 60°, op-
tionally between +45° and - 45°.

[0093] In figure 3a, the port side actuator 151 is ex-
tended and the starboard side actuator 152 is com-
pressed to cause the rotation of the lower supporting
structure 130 in counterclockwise direction. Contrary, in
figure 3b the port side actuator 151 is compressed and
the starboard side actuator 152 is extended to rotate the
lower supporting structure 130 in clockwise direction.
[0094] Therefore, the actuators 151, 152 may be con-
figured to change its length to cause the rotation of the
lower supporting structure 130 about the upper support-
ing structure 120, enabling steering operations. Loads
require for steering operations may be reduced as the
steering system 150 of these figures only rotates the low-
er supporting structure 130. This may allow using rela-
tively small actuators.

[0095] The actuators 151, 152 of these figures are lin-
ear actuators, e.g. hydraulic and/or pneumatic actuators.
However, other suitable actuators may also be used.
[0096] In some examples, the steering system 150
may comprise a rotary actuator, and a circular rack and
pinion system. In this example the rotary actuator may
comprise a body fixedly coupled to the upper supporting
structure and arotary actuator shaft coupled to the pinion.
The pinion may engage the circular rack coupled to the
lower supporting structure. The rotary actuator may be
configured to rotate the circular rack through the pinion
to cause the rotation of the lower supporting structure
about the upper supporting structure, enabling steering
operations. In this example, the steering angle may adopt
an angle between +180° and - 180°.

[0097] Inthisfigure, the uppersupporting structure 120
includes a mounting bracket 140. The mounting bracket
140 comprises a port side bracket 141 and a starboard
side bracket 142, situated at opposite sides of the upper
supporting structure 120. In this example, the mounting
bracket 140 receives a connecting member 160 to be
coupled to the watercraft.

[0098] In some examples, like this figure, the connect-
ing member 160 extends in a direction parallel to the port
- starboard direction. The connecting member 160 of this
example comprises a tubular shape. In this figure, the
connecting member 160 is fixedly attached to the mount-
ing bracket 140. The connecting member 160 may be
connected to the port side bracket 141 and to the star-
board side bracket 142. Welding, bolting, using poke
yoke elements or shrinking the tube in a through-hole of
the brackets may be used to connect the connecting
member 160 to the brackets.

[0099] Alternatively, the connecting member 160 may
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extend in a direction substantially parallel to the bow-
stern direction.

[0100] Figures 4a-4c show a side view of a powering
system coupled to a watercraft at different positions. The
powering system of these figures may comprise a steer-
ing system according to any of the examples herein dis-
closed. The powering system 10 of these figures is ro-
tatably coupled to the hull 180 of the watercraft. The axis
of the propeller (parallel to the third direction 3) is sub-
stantially parallel to the water level 210 in figure 4a and
forms an angle 211 with the water level 210. The pow-
ering system 10 of these figures rotates about an axis
parallel to the port - starboard direction.

[0101] Infigure 4a, the powering system 10 is coupled
to the hull 180 such that the distance between the stern
181 of the hull 180 and intermediate shaft (not shown in
this figure) is greater than 200 mm, optionally, between
200 mm and 800 mm.

[0102] The powering system 10 of figure 4b is in a
trimmed position. The inclination of propeller shaftis thus
adjusted to the water level 210 to navigate under specific
conditions. In figure 4b the angle 211 is about 7°. In figure
4c, the powering system is a tilted position. The powering
system is lifted above the water level as a single unit. In
this position, the propeller assembly is not in contact with
the waterlevel. As a result, infiltration of moisture or water
to internal critical areas of the powering system 10 may
be avoided and thus, corrosion and wear may be re-
duced. Furthermore, when the powering system is lifted
above the water level as a single unit, incrustation of al-
gae and mollusks onto the powering system 10 may be
avoided. Wear may thus be reduced, and performance
of the powering system 10 may be improved. The angle
211 of figure 4c is about 45°. In these figures, the angle
211 may be varied between - 20° to + 70°. This range
allows performing trimming and tilting operations.
[0103] In these figures, the hull 180 comprises a cou-
pling portion 190. The powering system 10 is coupled to
the hull 180 through the connecting member 160. The
connecting member 160 connects the coupling portion
190 of the hull 180 to the mounting bracket of the upper
supporting structure 120 of the powering system 10. In
these figures, the connecting member 160 extends in a
direction parallel to the port-starboard direction and is
fixedly connected to the mounting bracket, e.g. welded
or bolted. The rotation of the connecting member allows
the upper supporting structure to tilt about the watercraft.
Therefore, the entire powering system 10 can be tilted
to the hull 180. The powering system is thus hingedly
connected to the watercraft.

[0104] In these figures, the coupling portion 190 of the
hull 180 comprises a pair of plates, each of them having
a through-hole to receive the connecting member 160.
The connecting member can thus be rotated about these
through-holes. The plates may be of any suitable material
to reinforce the coupling portion 190.

[0105] The connecting member 160 of these figures
may be a single tubular shaft extending from one side to
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the opposite side of the powering system. However, in
further examples, the connecting member may comprise
a port side connecting member extending from the port
side of the powering system and a starboard side con-
necting member extending from the starboard side of the
powering system.

[0106] The powering system of these figures compris-
es a positioning system 200 to position the powering sys-
tem 10 relative to the water level 210. The positioning
system 200 of these figures may perform tilting opera-
tions such as in figure 4c; and/or trimming operations
such as in figure 4b.

[0107] In these figures, the positioning system 200
comprises a linear actuator 201 that changes its length
to cause the rotation of the powering system about an
axis parallel to the port - starboard direction. The linear
actuator 201 comprises a first end 203 and a second end
204. One end 203 of the linear actuator 201 is attached
to the hull 180 and the other end 204 is attached to the
upper supporting structure. When the actuator 201
changes its length, the actuator may push or pull its sec-
ond end 204 coupled to the upper supporting structure.
Therefore, the linear actuator 201 is configured to change
its length to rotate the powering system 10 about an axis
parallel to the port - starboard direction. The length of the
linear actuator 201 thus defines the angle 211.

[0108] Alternatively, or additionally, the positioning
system may comprise a rotatory actuator engaging the
connecting member 160. The rotation of the rotatory ac-
tuator induces the rotation of the connecting member
160. When the connecting member is rigidly attached to
the powering system 10, the rotation of the connecting
member induces the rotation of the entire powering sys-
tem 10.

[0109] The positioning system may comprise a con-
troller to control the operation of the actuator(s). For ex-
ample, the controller may control the length of the linear
actuator so as to position the powering system at a pre-
determined angle.

[0110] Figures 5a - 5d respectively shows a side view
of a powering system coupled to a watercraft according
to one example of the present disclosure at different po-
sitions. These figures also include a zoom-in view of the
connecting member 160. The powering system of these
figures may be similar to the powering system depicted
in figures 4a - 4c. However, in figures 5a - 5d, the con-
necting member 160 is rotatably connected to the upper
supporting structure.

[0111] In these figures, the connecting member 160
extends from a connecting member first end 161 to a
connecting member second end 162. The connecting
member of these figures is substantially bar shaped. The
connecting member 160 of these figures comprises port
side connecting member and a starboard connecting
member. In these figures only the port side connecting
member is illustrated. The connecting member first end
161 is rotatably coupled to the coupling portion 190 of
the hull 180 to rotate about a connecting member first
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end axis 163. A hinged connection is thus formed be-
tween the connecting member first end 161 and coupling
portion 190 of the hull 180.

[0112] The connecting member second end 162 is ro-
tatably coupled to the mounting bracket of the upper sup-
porting structure 120 of the powering system 10 forming
a hinge connection that allows the connecting member
160 to rotate about a connecting member second end
axis 164. The connecting member first end axis 163 and
connecting member second end axis 164 are substan-
tially parallel to the port - starboard direction. The con-
necting member first end axis 163 may be substantially
parallel to the port - starboard direction. These axes are
spaced apart.

[0113] The connecting member 160 of these figures
increases the number of possible positions of the pow-
ering system relative to the watercraft and to the water
level. As in other examples, the whole powering system
may be rotated about the watercraft. In addition, in these
figures the distance between the powering system and
the stern may adjusted. Furthermore, the height of the
powering system relative to the watercraft may be ad-
justed to the type of navigation, as illustrated in figures
5a and 5d.

[0114] In figure 5a and 5d the third direction 3 is sub-
stantially parallel to the water level 210. However, the
height, i.e. the vertical distance, of the powering system
with respect to the watercraft is greater in figure 5d than
in figure 5a. The powering system of figure 5a is raised
when compared to the powering system of figure 5d. In
figure 5a the connecting member 160 extends substan-
tially parallel to the first direction having the connecting
member second end 162 above the connecting member
first end 161. This position may be used to navigate at
relative low speeds.

[0115] In figure 5d, the connecting member 160 is in-
clined. The connecting member first end 161 is above
the connecting member second end 162. This allows ad-
justing the vertical position of the propeller assembly.
This arrangement may be allow using foils in an efficient
way.

[0116] A plurality of foils may be provided at the hull
180 of the watercraft may comprise, for example at the
port side and/or the starboard side.

[0117] Afoil may be understood as a lifting surface that
operates in water. As the watercraft moves through the
water, the foils deflect the flow of water, which exerts an
upward force on the foil lifting the hull above the water
level 210. The position of figure 4d allows maintaining
the propeller assembly below the water level 210. There-
fore, a sufficient thrust force may be maintained. The
lifting effect of the foils may thus be compensated by the
capacity of the propeller system to adjust the vertical po-
sition of the propeller assembly.

[0118] In this figure 5d, the water level 210 is below
the hull. In this figure, a foil coupled to the hull lifts the
hull above the water level 210. However, in some exam-
ples, depending on navigation conditions the lowest side
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of the hull may be below the water level 210.

[0119] The powering system 10 of figure 5b is in a
trimmed position in which the inclination of the propeller
shaft is adjusted to navigated under specific conditions.
Similar to figure 4b, the angle 211 isabout 7°. As in figure
4c, the powering system 10 of figure 5c¢ is in a tilted po-
sition with an angle 211 about 45°. The angle 211 may
vary between - 20° to + 70°.

[0120] In this figure 5b, the lowest side of the hull is
below the water level 210. However, in some examples,
depending on navigation conditions, the water level 210
may be below the hull.

[0121] The powering system 10 of these figures com-
prises positioning system 200 comprising a linear actu-
ator 201 and a rotatory actuator (not shown in these fig-
ures). The rotatory actuator is configured to control the
rotation of the connecting member first end 161 about
the connecting member first axis 163. The rotatory actu-
ator may comprise a motor arranged at the watercraft
driven a shaft that is rigidly connected to the connecting
member firstend 161. The motor thus caused the rotation
of the connecting member 161 about the connecting
member first axis 163.

[0122] The linear actuator 201 comprises a first end
203 coupled to the hull and a second end 204 coupled
to the upper supporting structure. The linear actuator may
change the length between the two ends. A change of
the length of the linear actuator may cause the rotation
of the powering system relative to the watercraft.
[0123] In these figures, the positioning system 200
comprises a controller to control the operation of the lin-
ear actuator 201 and the rotatory actuator.

[0124] The controller may be configured to selectively
operate the rotatory actuator to rotate the connecting
member 160 about the connecting member first end axis
163 and selectively operate the linear actuator 201 to
change its length to rotate the upper supporting structure
about the connecting member second end axis 164. By
controlling the operation of these two types of actuators,
a plurality of precise positions may be reached as shown
in figures 5a - 5d.

[0125] For example, the controller may maintain the
rotatory actuator at a fixed position, i.e. not rotating, and
increase the length of the linear actuator. In this way, the
connecting member 160 only rotates about the connect-
ing member second axis 163 due to the action of the
linear actuator. Or, if the linear actuator is not actuated,
i.e. its length is not changed, but the rotatory actuator
rotates the connecting member first end 161, the entire
powering system is rotated about the connecting member
first axis 163.

[0126] The controller may also rotate the rotatory ac-
tuator and actuate the linear actuator. The powering sys-
tem may be rotated about the connecting member first
axis 163 and about the connecting member second axis
164 from a first position to a second position.

[0127] Figure 6 shows a cross-sectional view of a pow-
ering system 10 according to an example of the present
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disclosure. The powering system 10 of figure 6 may be
according to any of the examples herein disclosed. For
example, the powering system 10 may comprise the con-
necting member and/or the steering system according to
any of the examples herein disclosed.

[0128] Inthisfigure, the powering system 10 comprises
an electric motor 20 and a gearbox 30. The electric motor
20 of this figure is an asynchronous motor, however, in
other examples, other suitable electric motors may be
employed. The gearbox 30 of this example is an epicyclic
gearing.

[0129] In this figure, the powering system 10 further
comprises the input shaft 50, the intermediate shaft 60,
a first propeller shaft 75 having a first end 76, and a sec-
ond propeller shaft 77 having a first end 78. The first
propeller shaft 75 and the second propeller shaft 77 ex-
tends in the third direction.

[0130] The first end 51 of the input shaft 50 is coupled
to the gearbox and is surrounded by a first input shaft
support element 220. The second end 52 of the input
shaft 50 is rotatably coupled to the first end 61 of the
intermediate shaft 60.

[0131] The first input shaft support element 220 and
the second input shaft support element 230 support the
input shaft 50. The first input shaft support element 220
and the second input shaft support element 230 comprise
a bearing having an outer ring and an inner ring. The
outer ring is connected to the inner surface of the upper
supporting structure 120 and the innerring is respectively
connected to the first end 51 and to the second end 52
of the input shaft 50.

[0132] An input shaft gear 240 is arranged at the sec-
ond end 52 of the input shaft. The input shaft gear 240
meshes with a first intermediate shaft gear 250. The first
intermediate shaft gear 250 may additionally mesh with
a first intermediate shaft gear support element 260. The
first intermediate shaft gear support element 260 com-
prises a gear that meshes with the first intermediate shaft
gear 240. The first intermediate shaft gear support ele-
ment 260 comprises a bearing that allows the gear to
rotate about the first direction. The firstintermediate shaft
gear 250 of this figure is arranged between the input shaft
gear 240 and the first intermediate shaft gear support
element 260. Misalignments of the upper portion 63 in-
termediate shaft are thus prevented.

[0133] In addition, the powering system of this figure
comprises a first intermediate shaft support element 261
to rotatably support the upper portion 63 of the interme-
diate shaft. This support element comprises a bearing
having an inner ring connected to the end of the upper
portion 63 of the intermediate shaft and an outer ring
connected to the upper supporting structure.

[0134] Betweentheupperportion 63 andthe lower por-
tion 64 of the intermediate shaft a double cardan joint 91
is provided. In other examples, the upper portion 63 and
the lower portion 64 may be coupled according to any of
the examples herein disclosed. The double cardan joint
91 allows the lower portion 64 to rotate about the upper
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portion 63 of the intermediate shaft. In this figure, a bear-
ing 92 connects the upper supporting structure 120 with
the lower supporting structure 130.

[0135] The lower portion 64 of the intermediate shaft
is rotatably coupled to the first end 76 of the first propeller
shaft 75. A second intermediate shaft support element
291 supports and aligns the lower portion 64 of the inter-
mediate shaft.

[0136] A second intermediate shaft gear 270 is ar-
ranged at the end of the lower portion 64 of the interme-
diate shaft and meshes with a first propeller shaft gear
280 arranged at the first end 76 of the first propeller shaft
75. In this figure, the second intermediate shaft gear 270
meshes with a second propeller shaft gear 290. The sec-
ond propeller shaft gear 290 is arranged at the first end
78 of the second propeller shaft 77. The second propeller
shaft gear 290 comprises a gear that rotates about the
third direction and meshes with the second intermediate
shaft gear 270. The second intermediate shaft gear 270
of this figure is thus arranged between the second pro-
peller shaft gear 290 and the first propeller shaft gear
280 such that the first propeller shaft 75 and the second
propeller shaft 77 rotate about the third direction in op-
posite directions.

[0137] Inthisfigure,thefirstpropeller shaft75is mount-
ed concentrically around the second propeller shaft 77.
The first propeller shaft 75 and the second propeller shaft
77 are coupled for rotation in opposite directions. In this
figure, the second propeller shaft 77 is positioned inside
the first propeller shaft that has a hollow portion arranged
for receiving the second propeller shaft 77. In other ex-
amples, a different configuration may be employed, for
example, a single propeller shaft may be used.

[0138] In this figure, the first propeller shaftis coupled
to the first propeller 111 and the second propeller shaft
is coupled to the second propeller.

[0139] The first end 76 of the first propeller shaft 75
passes through a propeller shaft support element 300.
The propeller shaft support element 300 comprises a
bearing having an outer ring and an inner ring. The outer
ring is connected to the inner surface of the lower sup-
porting structure 130 and the inner ring is connected to
the first end 76 of the first propeller shaft 75.

[0140] The first input shaft support element 220, the
second input shaft support element 230, the first inter-
mediate shaft support element 260, the first intermediate
shaft gear support element 261, the second intermediate
shaft gear support element 291 and/or the propeller shaft
support element 300 may provide support and proper
alignment to their respective shaft and/or shaft gear. The
gears according to this example, are bevelled gears. In
other examples, other types of gears may also be suita-
ble.

[0141] Figure 7 shows a watercraft 400 comprising a
powering system 10 according to any of the examples
herein disclosed. For example, the powering system 10
may comprise the connecting member and/or the steer-
ing system according to any of the examples herein dis-
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closed. The powering system 10 is tiltable coupled to a
coupling portion 190.

[0142] In this figure, the coupling portion 190 is at-
tached to the hull 180. This may allow using different
materials for the coupling portion 190 and for the hull
180. In other examples, the coupling portion 190 may be
integrated within the hull 180.

[0143] In some examples, the coupling portion 190
may comprise a coupling structure e.g. arms, brackets
and/or a cast structure.

[0144] The coupling portion of figure 7 includes two
arms 191, 192 extending from the stern 181 of the wa-
tercraft to a through-hole 193 of the coupling portion 190.
which is fixedly coupled to the hull 180.

[0145] In this figure, the through-hole 193 is arranged
such that at least one portion of the connecting member
160 passes through the coupling portion 190.

[0146] Welding, bolting, using poke yoke elements, or
shrinking the tube may be used to fixedly couple the arms
191, 192 to the stern 181.

[0147] The connecting member 160 extends in a di-
rection parallel to the port - starboard direction. The con-
necting member 160 of this example comprises a tubular
shape. In this figure, the connecting member 160 is fix-
edly attached to the mounting bracket 140. Welding, bolt-
ing, using poke yoke elements, or shrinking the tube in
a through-hole of the brackets may be used to connect
the connecting member 160 to the brackets.

[0148] The connecting member 160 is rotatably cou-
pled to the through-hole 193 forming a hinge connection
that allows the connecting member 160 to rotate about
an axis parallel to the port - starboard direction 186.
[0149] For reasons of completeness, various aspects
ofthe present disclosure are set outin the following num-
bered clauses:

Clause 1. A powering system for a watercraft com-
prising:

a propeller;

an electric motor;

a gearbox coupled to the electric motor;

an input shaft, an intermediate shaft, and a pro-
peller shaft;

the input shaft having a first end coupled to
the gearbox and a second end rotatably
coupled to the intermediate shaft, wherein
the input shaft extends from the first end to
the second end in a first direction;

the intermediate shaft having a first end ro-
tatably coupled to the input shaft and a sec-
ond end rotatably coupled to the propeller
shaft, wherein the intermediate shaft com-
prises an upper portion and a lower portion,
the lower portion being rotatably coupled to
the upper portion, and wherein the upper
portion extends in a second direction;
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the propeller shaft having a first end rotat-
ably coupled to the intermediate shaft and
a second end coupled to the propeller,
wherein the propeller shaft extends from the
first end to the second end in a third direc-
tion;

wherein the first direction is perpendicular
to the second direction and substantially
parallel to the third direction; and

an upper supporting structure supporting the
electric motor and the gearbox, wherein the up-
per supporting structure is configured to be tilt-
able coupled to a watercraft; and

a lower supporting structure supporting the pro-
peller and the propeller shaft, wherein the lower
supporting structure is rotatably coupled to the
upper supporting structure to rotate about the
second direction.

Clause 2. The powering system according to clause
1, wherein the gearbox comprises an epicyclic gear-

ing.

Clause 3. The powering system according to any of
clauses 1 to 2, wherein the second end of the input
shaft comprises an input shaft gear and the first end
of the intermediate shaft comprises a first interme-
diate shaft gear meshing with the input shaft gear.

Clause 4. The powering system according to clause
3, wherein the input shaft gear and the first interme-
diate shaft gear are bevel gears and/or helical gears.

Clause 5. The powering system according to any of
clauses 1 to 4, wherein the second end of the inter-
mediate shaft comprises a second intermediate
shaftgearand thefirstend of the propeller shaft com-
prises a propeller shaft gear meshing with the sec-
ond intermediate shaft gear.

Clause 6. The powering system according to clause
5, wherein the second intermediate shaft gear and
the propeller shaft gear are bevel gears and/or hel-
ical gears.

Clause 7. The powering system according to any of
clauses 1 to 6, wherein the intermediate shaft com-
prises a universal joint rotatably coupling the upper
portion to the lower portion of the intermediate shaft.

Clause 8. The powering system according to clause
7, wherein the universal joint comprises a cardan
joint.

Clause 9. The powering system according to any of
clauses 1 to 8, wherein the electric motor is config-
ured to rotate at an electric motor revolutions per
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minute and the gearbox is configured to reduce the
electric motor revolutions per minute to an input shaft
revolutions per minute.

Clause 10. The powering system according to any
of clauses 1 to 9, wherein the second end of the input
shaft and the first end of the intermediate shaft are
configured to reduce an input shaft revolutions per
minute to an intermediate shaft revolutions per
minute.

Clause 11. The powering system according to any
of clauses 1 to 10, wherein the second end of the
intermediate shaft and the first end of the propeller
shaft are configured to reduce an intermediate shaft
revolutions per minute to a propeller shaftrevolutions
per minute.

Clause 12. The powering system according to any
of clauses 1 to 11, wherein the upper supporting
structure further supports the input shaft and the first
end of the intermediate shaft.

Clause 13. The powering system according to any
of clauses 1 to 12, wherein the lower supporting
structure further supports the second end of the in-
termediate shaft and the first end of the propeller
shaft.

Clause 14. The powering system according to any
of clauses 1 to 13, further comprising a bearing ro-
tatably coupling the lower supporting structure to the
upper supporting structure.

Clause 15. The powering system according to clause
14, wherein the bearing comprises:

a first bearing component coupled to the lower
supporting structure;

a second bearing component coupled to the up-
per supporting structure;

a bearing element arranged between the first
bearing component and the second bearing
component; and

the first bearing component being configured to
rotate with respect to the second bearing com-
ponent.

Clause 16. The powering system according to clause
15 wherein, the bearing element comprises a gliding
pad.

Clause 17. The powering system according to clause
15, wherein the bearing element comprises a rolling
element.

Clause 18. The powering system according to any
of clauses 1to 17, further comprising a steering sys-
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tem to rotate the lower supporting structure about
the upper supporting structure.

Clause 19. The powering system according to clause
18, wherein the steering system comprises an actu-
ator extending a length from a first end coupled to
the upper supporting structure to a second end cou-
pled to the lower supporting structure, wherein the
actuator is configured to change its length to rotate
the lower supporting structure about the upper sup-
porting structure.

Clause 20. The powering system according to any
of clauses 1 to 19, wherein the upper supporting
structure comprises a mounting bracket to support
a connecting member for connecting the upper sup-
porting structure to a watercraft.

Clause 21. A watercraft comprising:

a hull extending from a port side to a starboard
side along a port - starboard direction and from
a bow to a stern along a bow - stern direction,
the hull comprising a coupling portion;

the powering system according to any of clauses
1 to 20, wherein the upper supporting structure
of the powering system is tiltable coupled to the
coupling portion of the hull.

Clause 22. The watercraft according to clause 21,
wherein a distance between the stern of the hull and
the intermediate shaft is greater than 200 mm, op-
tionally between 200 mm and 800 mm.

Clause 23. The watercraft according to clauses 21
or 22, wherein the upper supporting structure com-
prises a mounting bracket; and wherein the water-
craft further comprises a connecting member con-
necting the coupling portion of the hull to the mount-
ing bracket of the upper supporting structure of the
powering system.

Clause 24. The watercraft according to clause 23,
wherein the connecting member is rotatably coupled
to the coupling portion of the hull.

Clause 25. The watercraft according to clause 24,
wherein the connecting member extends in a direc-
tion parallel to the port-starboard direction.

Clause 26. The watercraft according to any of claus-
es 23 to 25, wherein the mounting bracket is fixedly

connected to the connecting member.

Clause 27. The watercraft according to clauses 23
or 24, wherein the connecting member comprises:

a first end rotatably coupled to the coupling por-
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tion of the hull to rotate about a connecting mem-
ber first end axis; and

a second end rotatably coupled to the mounting
bracket of the upper supporting structure of the
powering system to rotate about a connecting
member second end axis.

Clause 28. The watercraft according to any of claus-
es 21 to 27, wherein the coupling portion comprises
a through-hole arranged such that at least one por-
tion of the connecting member passes through the
coupling portion.

Clause 29. The watercraft according to clause 28,
wherein the coupling portion further comprises a
plate comprising the through-hole receiving the con-
necting member.

Clause 30. The watercraft according to any of claus-
es 21 to 29, further comprising:

a positioning system to position the powering system
relatively to a water level.

Clause 31. The watercraft according to clause 30,
wherein the positioning system comprises a rotatory
actuator configured to rotate the connecting member
for rotating the powering system about an axis par-
allel to the port - starboard direction.

Clause 32. The watercraft according to clause 31,
wherein the positioning system comprises a control-
ler to control the rotatory actuator.

Clause 33. The watercraft according to any of claus-
es 30 to 32, wherein the positioning system compris-
es a linear actuator changing a length from a first
end coupled to the hull to a second end coupled to
the upper supporting structure, wherein the linear
actuator is configured to change its length to rotate
the powering system about an axis parallel to the
port - starboard direction.

Clause 34. The watercraft according to clause 33,
wherein the positioning system comprises a control-
ler to control the linear actuator.

Clause 35. The watercraft according to any of claus-
es 30 to 34, wherein the connecting member com-
prises:

a first end rotatably coupled to the coupling por-
tion of the hull to rotate about a connecting mem-
ber first end axis, the connecting member first
end axis being parallel to the port - starboard
direction; and

a second end rotatably coupled to the mounting
bracket of the upper supporting structure of the
powering system to rotate about a connecting
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member second end axis, the connecting mem-
ber second end axis being parallel to the port -
starboard direction; and

wherein the positioning system further compris-
es:

a rotatory actuator configured to rotate the
connecting member about the connecting
member first end axis;

a linear actuator changing a length from a
first end coupled to the hull to a second end
coupled to the upper supporting structure,
wherein the linear actuator is configured to
change its length to rotate the upper sup-
porting structure about the connecting
member second end axis; and

a controller configured to:

selectively operate the rotatory actua-
tor to rotate the connecting member
about the connecting member first end
axis;

selectively operate the linear actuator
to change its length to rotate the upper
supporting structure about the connect-
ing member second end axis;

such that the positioning system ad-
justs afirst position of the powering sys-
tem relative to a water level to a second
position of the powering system relative
to the water level.

Clause 36. The watercraft according to any of claus-
es 21 to 35, wherein the hull further comprises a
plurality of foils.

Clause 37. The watercraft according to clause 36,
wherein the plurality of foils is arranged at the port
side and/or the starboard side

[0150] Although only a number of examples have been
disclosed herein, other alternatives, modifications, uses
and/or equivalents thereof are possible. Furthermore, all
possible combinations of the described examples are al-
so covered. Thus, the scope of the present disclosure
should not be limited by particular examples, but should
be determined only by a fair reading of the clauses that
follow. If reference signs related to drawings are placed
in parentheses in a clause, they are solely for attempting
to increase the intelligibility of the clause, and shall not
be construed as limiting the scope of the clause.

Claims
1. A powering system for a watercraft comprising:

a propeller;
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an electric motor;

a gearbox coupled to the electric motor;

an input shaft, an intermediate shaft, and a pro-
peller shaft;

the input shaft having a first end coupled to
the gearbox and a second end rotatably
coupled to the intermediate shaft, wherein
the input shaft extends from the first end to
the second end in a first direction;

the intermediate shaft having a first end ro-
tatably coupled to the input shaft and a sec-
ond end rotatably coupled to the propeller
shaft, wherein the intermediate shaft com-
prises an upper portion and a lower portion,
the lower portion being rotatably coupled to
the upper portion, and wherein the upper
portion extends in a second direction;

the propeller shaft having a first end rotat-
ably coupled to the intermediate shaft and
a second end coupled to the propeller,
wherein the propeller shaft extends from the
first end to the second end in a third direc-
tion;

wherein the first direction is perpendicular
to the second direction and substantially
parallel to the third direction; and

an upper supporting structure supporting the
electric motor and the gearbox, wherein the up-
per supporting structure is configured to be ftilt-
able coupled to a watercraft; and

a lower supporting structure supporting the pro-
peller and the propeller shaft, wherein the lower
supporting structure is rotatably coupled to the
upper supporting structure to rotate about the
second direction.

The powering system according to claim 1, wherein
the intermediate shaft comprises a universal joint ro-
tatably coupling the upper portion to the lower portion
of the intermediate shaft.

The powering system according to any of claims 1
to 2, wherein the electric motor is configured to rotate
at an electric motor revolutions per minute and the
gearbox is configured to reduce the electric motor
revolutions per minute to an input shaft revolutions
per minute.

The powering system according to any of claims 1
to 3, wherein the second end of the input shaft and
the first end of the intermediate shaft are configured
to reduce an input shaft revolutions per minute to an
intermediate shaft revolutions per minute.

The powering system according to any of claims 1
to 4, wherein the second end of the intermediate
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shaft and the first end of the propeller shaft are con-
figured to reduce an intermediate shaft revolutions
per minute to a propeller shaft revolutions per
minute.

The powering system according to any of claims 1
to 5, further comprising a bearing rotatably coupling
the lower supporting structure to the upper support-
ing structure.

The powering system according to any of claims 1
to 6, further comprising a steering system to rotate
the lower supporting structure about the upper sup-
porting structure.

A watercraft comprising:

a hull extending from a port side to a starboard
side along a port - starboard direction and from
a bow to a stern along a bow - stern direction,
the hull comprising a coupling portion;

the powering system according to any of claims
1 to 7, wherein the upper supporting structure
of the powering system is tiltable coupled to the
coupling portion of the hull.

The watercraft according to claim 8, wherein the up-
per supporting structure comprises a mounting
bracket; and wherein the watercraft further compris-
es a connecting member connecting the coupling
portion of the hull to the mounting bracket of the up-
per supporting structure of the powering system.

The watercraftaccording to claim 9, wherein the con-
necting member is rotatably coupled to the coupling
portion of the hull.

The watercraft according to claim 9 or claim 10,
wherein the mounting bracket is fixedly connected
to the connecting member.

The watercraft according to claims 10 or 11, wherein
the connecting member comprises:

a first end rotatably coupled to the coupling por-
tion of the hull to rotate about a connecting mem-
ber first end axis; and

a second end rotatably coupled to the mounting
bracket of the upper supporting structure of the
powering system to rotate about a connecting
member second end axis.

The watercraft according to any of claims 8 to 12,
further comprising:

a positioning system to position the powering system
relative to a water level.

The watercraft according to claim 13, wherein the
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positioning system comprises a rotatory actuator
configured to rotate the connecting member for ro-
tating the powering system about an axis parallel to
the port - starboard direction.

The watercraft according to claim 13 or claim 14,
wherein the positioning system comprises a linear
actuator extending a length from a first end coupled
to the hull to a second end coupled to the upper sup-
porting structure, wherein the linear actuator is con-
figured to change its length to rotate the powering
system about an axis parallel to the port - starboard
direction.

10

15

20

25

30

35

40

45

50

55

16

30



EP 4 144 634 A1

Figure 2

17



EP 4 144 634 A1

18



EP 4 144 634 A1

210 —)
Figure 4c

19



EP 4 144 634 A1

20



EP 4 144 634 A1

21



EP 4 144 634 A1

e

e

Figure 6

22



EP 4 144 634 A1

Figure 7

23



10

15

20

25

30

35

40

45

50

55

9

Europdisches
Patentamt

European
Patent Office

Office européen
des brevets

[y

EPO FORM 1503 03.82 (P04C01)

EP 4 144 634 A1

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 21 38 2805

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

A

US 2016/059949 Al (REBELE ANDREW H [US] ET
AL) 3 March 2016 (2016-03-03)

* figures 1-4 *

* paragraph [0021] - paragraph [0029] *
CN 201 136 590 Y (LU DINGGUO [CN])

22 October 2008 (2008-10-22)

* the whole document *

US 2006/258233 Al (WILSON JIM [US] ET AL)
16 November 2006 (2006-11-16)

1-15

1-15

* figures *

* figure 6A *

* line 33, paragraph 31 *

US 2020/001958 Al (DAVIS ERIC A [US] ET
AL) 2 January 2020 (2020-01-02)

US 3 946 698 A (LAFOLLETTE ROBERT L ET AL) |1-15
30 March 1976 (1976-03-30)
* the whole document *

1-15

INV.

B63H20/14
B63H21/17
B63H20/16

TECHNICAL FIELDS

* paragraphs [0066], [0161] * SEARCHED  (IPC)
————— B63H

The present search report has been drawn up for all claims

Place of search Date of completion of the search Examiner

The Hague

21 February 2022

Westland, Paul

CATEGORY OF CITED DOCUMENTS

T
E
X : particularly relevant if taken alone
Y : particularly relevant if combined with another D : document cited in the application
L : document cited for other reasons

document of the same category
A :technological background
O : non-written disclosure
P : intermediate document

: theory or principle underlying the invention

: earlier patent document, but published on, or

after the filing date

& : member of the same patent family, corresponding

document

24




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 144 634 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 21 38 2805

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

21-02-2022
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 201605994° Al 03-03-2016 NONE

CN 201136590 Y 22-10-2008 NONE

US 2006258233 Al 16-11-2006 CcAa 2605040 a1 26-10-2006
EP 1871660 A2 02-01-2008
JP 2008536747 A 11-09-2008
uUs 2006258233 Al 16-11-2006
WO 2006113669 A2 26-10-2006

US 3946698 A 30-03-1976 NONE

US 2020001958 Al 02-01-2020 AU 2011215586 Al 30-08-2012
AU 2016201860 Al 21-04-2016
AU 2018204072 Al 28-06-2018
CN 102985319 A 20-03-2013
CN 106005341 A 12-10-2016
EP 2534046 Al 19-12-2012
EP 3354557 A1l 01-08-2018
JP 5850461 B2 03-02-2016
JP 6648057 B2 14-02-2020
JP 2013519574 A 30-05-2013
JP 2016052889 A 14-04-2016
JP 2017141020 A 17-08-2017
JP 2020011725 A 23-01-2020
us 2011195620 Al 11-08-2011
uUs 2013210295 Al 15-08-2013
Us 2013260621 Al 03-10-2013
uUs 2013264456 Al 10-10-2013
uUs 2013267133 Al 10-10-2013
us 2013267134 Al 10-10-2013
uUs 2016023734 Al 28-01-2016
Us 2016023735 Al 28-01-2016
uUs 2016023736 Al 28-01-2016
uUs 2016023741 Al 28-01-2016
us 2016129981 Al 12-05-2016
uUs 2018127077 Al 10-05-2018
Us 2018134360 Al 17-05-2018
uUs 2018141630 Al 24-05-2018
uUs 2018141631 Al 24-05-2018
us 2018154997 Al 07-06-2018
uUs 2020001958 a1 02-01-2020
Us 2020001959 A1 02-01-2020
WO 2011100641 Al 18-08-2011

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

25




	bibliography
	abstract
	description
	claims
	drawings
	search report

