EP 4 516 663 A1

(1 9) Européisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 4 516 663 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
05.03.2025 Bulletin 2025/10

(21) Application number: 24195537.6

(22) Date of filing: 21.08.2024

(51) International Patent Classification (IPC):
B63J 3/04(2006.01) B63B 35/00 (2020.01)
F03B 13/20 (2006-:07) B63J 3/00(2006.07)

(52) Cooperative Patent Classification (CPC):

B63J 3/04; FO3B 13/20; B63B 2035/009;
B63J 2003/002

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GRHRHUIEISITLILT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
GE KH MA MD TN

(30) Priority: 29.08.2023 IT 202300017685

(71) Applicant: FERRARI S.p.A.
41100 Modena (IT)

(72) Inventors:

¢ FENATI, Gianluca
41053 MARANELLO (MO) (IT)
* PRETAGOSTINI, Francesco
41053 MARANELLO (MO) (IT)
* RIBIGINI, Marco Guglielmo
41053 MARANELLO (MO) (IT)
* LANZAVECCHIA, Matteo
41053 MARANELLO (MO) (IT)

(74) Representative: Studio Torta S.p.A.

Via Viotti, 9
10121 Torino (IT)

(54) BOAT WITH AN ENERGY RECOVERY APPARATUS FROM BOAT MOTION

(57)  Aboat (1) includes a hull (2), a first mechanism
(4) coupled to the hull (2) and comprising a mass (3)
suspended relative to the hull (2) by at least one kine-
matic chain (5) comprising at least one slide (6) with a
translatory degree of freedom along a first straight axis
(K), an electric motor-generator (8), which comprises a
rotor (9) rotating about a rotor axis (R) and is configured to
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convert a kinetic energy of a rotation of the rotor (9) into
electrical energy, and a second mechanism (10) config-
ured to transform a reciprocating translatory motion of the
slide (6) along the first straight axis (K) into a correspond-
ing rotation of the rotor (9) around the rotor axis (R)
according to a single direction of rotation.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority from Ita-
lian patent application no. 102023000017685 filed on
August 29, 2023, the entire disclosure of which is incor-
porated herein by reference.

TECHNICAL FIELD

[0002] The invention relates to a boat, in particular a
sailing boat, more in particular a racing boat.

PRIOR ART

[0003] Some racing boats are provided with a plurality
of energy-consuming devices, such as an engine, hy-
draulic actuators, charging devices for charging batteries
and the like.

[0004] Usually, these devices are powered by energy
produced by an internal combustion engine on board the
boat.

[0005] The engine, in turn, is powered by fossil fuels.
[0006] Thisaspectleadstosome drawbacks, including
the emission of pollutants produced by the combustion of
fossil fuel and the sizing of the devices closely related to
the amount of fuel on board the boat.

[0007] Therefore, the aforementioned drawbacks
need to be eliminated, preferably in a simple and reliable
fashion.

[0008] More specifically, there is a need to identify
alternative energy sources, without the emission of com-
bustion products.

[0009] An object of the invention is to fulfil at least one
of the needs discussed above.

DESCRIPTION OF THE INVENTION

[0010] Said object is reached by a boat as defined in
claim 1.
[0011] The dependent claims define special embodi-

ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Hereinafter,an embodiment of the invention will
be described, in order to allow the latter to be better
understood, by way of non-limiting example and with
reference to the accompanying drawings, wherein:

- figure 1 is a side view of a boat according to the
invention,

- figure 2 is a schematic view of an energy recovery
assembly of the boat, according to an embodiment,

- figure 3 is a diagram of a transmission assembly
belonging to the energy recovery assembly,

- figure 4 is a front view of the transmission assembly
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of figure 3, and
- figures 5, 6 are diagrams of the energy recovery
assembly, according to further embodiments.

EMBODIMENTS OF THE INVENTION

[0013] In figure 1, reference number 1 is used to in-
dicate, as a whole, a boat.

[0014] The boat has a hull 2 extending longitudinally
along an axis X, which coincides with the normal sailing
direction of the boat.

[0015] In addition, the hull extends in width and height
according to axes Y, Z, respectively, which are perpendi-
cular to one another and relative to the axis X, with which
they form a Cartesian coordinate system of orthogonal
axes, in particular a right-handed one.

[0016] The coordinate system is fixed relative to the
hull 2, whereby the axes X, Y, Z define the body axes of
the hull 2, also commonly referred to as roll axis, pitch axis
and yaw axis, respectively.

[0017] The boat 1 comprises a mass 3, which is sus-
pended relative to the hull 2, namely movable relative to it
with at least one or more degrees of freedom.

[0018] Preferably, the mass 3 is located at a longitu-
dinal end (i.e. according to the axis X) of the boat 1, for
example at the bow. More specifically, by dividing the
length of the boat 1 into three equal parts along the axis X,
the mass 3 is located in the area of the last third towards
the bow of the boat 1. This is not in any case limiting, so
that the mass 3 could still be placed differently along the
hull 2.

[0019] In order to suspend the mass 3, the boat 1
comprises a mechanism 4, which, in turn, comprises a
kinematic chain 5, which couples the mass 3 to the hull 2,
while enabling a relative movement of the mass 3 relative
to the hull 2.

[0020] Therefore, the mass 3 is suspended relative to
the hull by the kinematic chain 5.

[0021] The mechanism 4 is coupled to the hull 2 and
comprises the mass 3.

[0022] The kinematic chain 5 comprises at least one
slide or carriage 6 having a translatory degree of freedom
along a straight axis K.

[0023] The mass 3 could be fixed relative to the slide 6
(as, for example, in the embodiments of figures 2 and 5),
although not necessarily; in fact, the mass 3 could also be
more generally coupled to the slide 6 (as, for example, in
the embodiment of figure 6), so that a relative movement
of the mass 3 relative to the hull 2 is in any case trans-
mitted to the slide 6.

[0024] More in detail, the kinematic chain 5 comprises
two link elements, one of them being the slide 6 and the
other one being a member having at least a guiding
function for guiding or forcing the slide 6 to move along
the axis K.

[0025] Thelink elements are coupled to one another by
means of a coupling conceptually defining a prismatic
joint P, i.e. a joint that enables the translatory degree of
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freedom of one of the link elements relative to the other
link element.

[0026] For example, the other link element could con-
ceptually be a screw 7, whereby the slide 6 comprises or
is defined by a nut screw.

[0027] Therefore, the screw 7 and the slide 6 define a
nut-screw coupling or system. In other words, the cou-
pling that defines the prismatic joint P is a nut-screw
coupling or system. Conveniently, the screw 7 and the
slide 6 are part of a ball screw. The ball screw comprises
rolling bodies between the screw 7 and the slide 6, so that
the coupling between the screw 7 and the slide 6 takes
place indirectly by means of the rolling bodies, which are
in contact with both the screw 7 and the slide 6 in re-
spective diametrically opposite points.

[0028] The nut-screw coupling implies that the transla-
tion of the slide 6 along the axis K corresponds to a
rotation of the screw 7 around its own axis, in this case
coinciding with the axis K.

[0029] Thescrew 7 defines, moreingeneral,amember
rotatable around its own axis and coupled to the slide 6 so
as to rotate around its axis according to opposite direc-
tions of rotation (clockwise and counterclockwise) re-
spectively when the slide 6 translates according to op-
posite directions along the axis K, namely in response to
translations of the slide 6 according to opposite directions
along the axis K.

[0030] In fact, many known mechanisms can be con-
sidered as an alternative to the coupling between the
screw 7 and the slide 6, whereby the translations of the
slide 6 in the two possible opposite directions respec-
tively cause the rotation of a generic member rotatable
around its own axis according to opposite directions of
rotation.

[0031] The boat 1 further comprises at least one elec-
tric motor-generator 8. The motor-generator 8 comprises
a rotor 9 rotatable around a rotor axis R. The motor-
generator 8 is configured to convert a kinetic energy
associated with a rotation of the rotor 9 (actually, the
kinetic energy of the rotation of the rotor 9) into electrical
energy.

[0032] The electrical energy produced by the motor-
generator 8 can be stored in a power storage device of the
boat 1, such as a battery, or also be directly used to power
the electric utilities of the boat 1.

[0033] The rotor 9 is coupled to the slide 6 so as to
rotate in response to the translation of the slide 6.
[0034] More in detail, the boat 1 or the mechanism 4
comprises a further mechanism or sub-mechanism 10,
the coupling between the screw 7 (or, more in general, the
aforementioned rotatable member) and the slide 6 being
part thereof. The mechanism 10 is configured to trans-
form a reciprocating translatory motion of the slide 6
along the axis K into a corresponding rotation, in parti-
cular a continuous rotation, of the rotor 9 around the axis
R according to one single direction of rotation, for exam-
ple clockwise or counterclockwise.

[0035] In other words, thanks to the mechanism 10, a
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first translation of the slide 6, followed by a second
translation of the slide 6 in the opposite direction relative
to the first translation, causes, as a whole, a rotation, for
example clockwise or counterclockwise, of the rotor 9
according to the single direction of rotation, i.e. without
the latter changing with the shift from the first translation
to the second translation.

[0036] Therefore, using still other words, the mechan-
ism 10 is configured to transform translations of the slide
6 according to opposite directions along the axis Kinto a
corresponding rotation, for example clockwise or coun-
terclockwise, of the rotor 9 according to the single direc-
tion of rotation, i.e. without the latter changing with the
shift between the translations.

[0037] In this sense, the term "continuous" refers pre-
cisely to the absence of a reversal of the direction of
rotation of the rotor 9 due to the reversal of the direction of
translation of the slide 6 shifting from the first translation
to the second translation. Therefore, the term "continu-
ous" should not be understood, in particular, in the re-
strictive sense that the angular speed of the rotor 9
cannot in any case be zero at one or more moments in
time.

[0038] Hence, the rotor 9 is coupled to the slide 6
through the mechanism 10.

[0039] Figure 3 shows a particular example of a portion
of the mechanism 10.

[0040] The mechanism 10 comprises the screw 7 or,
more in general, the rotatable member and two transmis-
sions 11, 12 arranged in parallel and respectively con-
figured to transmit the rotations of the screw 7 to the rotor
9.

[0041] The transmissions 11, 12 are configured to
couple the rotatable member (or the screw 7) to the rotor
by respectively transmitting rotations of the rotatable
member according to the two possible opposite direc-
tions of rotation, thereby causing the rotor 9 to rotate
around the rotor axis R according to said single direction
of rotation of the rotor 9 in response to both rotations of
the rotatable member according to the two opposite
directions of rotation thereof.

[0042] In other words, the transmission 11 is config-
ured so that a rotation of the screw 7 (or, more in general,
of the rotatable member) according to a first direction of
rotation is transmitted to the rotor 9 as a rotation of the
latter around the axis R according to the single direction
of rotation. Hence, the transmission 11 is configured to
cause the rotor 9 to rotate according to the single direc-
tion of rotation in response to the rotation of the screw 7
(or, more in general, of the rotatable member) according
to the first direction of rotation.

[0043] Furthermore, the transmission 12 is configured
so that a rotation of the screw 7 (or, more in general, of the
rotatable member) according to a second direction of
rotation contrary to the first direction of rotation is trans-
mitted to the rotor 9 as a rotation of the latter around the
axis Raccording to the single direction of rotation. Hence,
the transmission 12 is configured to cause the rotor 9 to
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rotate according to the single direction of rotation in
response to the rotation of the screw 7 (or, more in
general, of the rotatable member) according to the sec-
ond direction of rotation.

[0044] More in detail, the transmissions 11, 12 com-
prise respective decoupling devices 13, 14 respectively
configured to decouple the rotor 9 from the screw 7 (or,
more in general, from the rotatable member) by means of
the respective transmissions 11, 12 when the screw 7
rotates according to the second and the first direction of
rotation.

[0045] Therefore, the decoupling devices 13, 14 are
configured to interrupt the respective couplings between
the rotor 9 and the screw 7 (or, more in general, the
rotatable member) by means of the respective transmis-
sions 11, 12, respectively, when the screw 7 (or, more in
general, the rotatable member) rotates according to the
second and the first direction of rotation.

[0046] In other words, the decoupling device 13 is
configured to decouple the rotor 9 from the screw 7
through the transmission 11, namely to interrupt the
coupling created by the transmission 11 between the
rotor 9 and the screw 7 (while the rotor 9 and the screw
7 canremain coupled through the transmission 12), when
the screw 7 rotates according to the second direction of
rotation.

[0047] On the other hand, the decoupling device 14 is
configured to decouple the rotor 9 from the screw 7
through the transmission 12, namely to interrupt the
coupling created by the transmission 12 between the
rotor 9 and the screw 7 (while the rotor 9 and the screw
7 canremain coupled through the transmission 11), when
the screw 7 rotates according to the first direction of
rotation.

[0048] Each one of the decoupling devices 13, 14,
independently of the other one, could be or comprise a
device with an automatic decoupling function, such as a
free wheel, oran engagement device, for example a tooth
engagement or a clutch engagement, controllable to be
selectively engaged or disengaged as a function of the
rotation of the screw 7 (or, more in general, of the rota-
table member).

[0049] For example, the engagement device could be
engaged only when the angular speed of the screw 7 or
the corresponding translation speed of the slide 6 ex-
ceeds a predetermined threshold, namely the engage-
ment device would thus be disengaged whenever the
angular speed of the screw 7 or the corresponding trans-
lation speed of the slide 6 is equal to or less than the
threshold.

[0050] When the engagement device is disengaged,
the coupling between the rotor 9 and the screw 7 through
the corresponding one of the transmissions 11, 12 is
interrupted. On the other hand, when the engagement
device is engaged, the same coupling is restored.
[0051] This could be advantageous as it would prevent
the rotor 9 from being slowed down, for example, by a
slowing down of the slide 6, when, instead, the rotor 9
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could have had sufficient inertia to rotate faster than it
would have rotated if coupled to the slide 6.

[0052] Clearly, the engagement devices of the decou-
pling devices 13, 14 can respectively be engaged only
when the screw 7 rotates according to the first and the
second direction, respectively.

[0053] The boat 1 can comprise a control unit (not
shown) for controlling the engagement device as a func-
tion of one or more quantities corresponding to or indi-
cative of the angular speed of the screw 7 or the speed of
translation of the slide 6. The quantities can be acquired
by the control unit through special transducers config-
ured to detect the quantities.

[0054] According to the specific non-limiting embodi-
ment of figure 3, the mechanism 10 comprises a rack 15
coupled to the screw 7 so as to translate according to
opposite directions in response to the rotations according
to opposite directions of the screw 7.

[0055] Forexample,the mechanism 10 cancomprisea
pinion 16 fixed to the screw 7 and configured to couple the
screw 7 to the rack 15. The pinion 16 specifically meshes
with the rack 15.

[0056] The transmissions 11, 12 comprise respective
gear wheels 17, 18, which mesh with the rack 15 on two
opposite sides of the rack 15, so that the gear wheels 17,
18 rotate in opposite directions.

[0057] The transmissions 11, 12 comprise two further
gear wheels 19, 20, which are arranged downstream of
the respective decoupling devices 13, 14 and rotate in the
same direction as the wheels 17, 18, respectively, when
coupled to the latter by means of the decoupling devices
13, 14.

[0058] The wheels 19, 20 both mesh with a gear wheel
21 of the motor-generator 8 forming two external gears;
the gear wheel 21 is fixed relative to the rotor 9.

[0059] The decoupling devices 13, 14 are both config-
ured to decouple the rotor 9 from the screw 7 by means of
the respective transmissions 11, 12, respectively, when
the wheels 17, 18 rotate according to a same specific
direction of rotation, for example clockwise or counter-
clockwise.

[0060] More precisely, in order to perform their func-
tion, the decoupling devices 13, 14 decouple the wheels
19, 20 from the wheels 17, 18, respectively.

[0061] Therefore, thanks to the decoupling devices 13,
14, to the external meshing of the wheels 19, 20 with the
wheel 21 and to the fact that the wheels 17, 18 always
rotate in opposite directions, the wheel 21 and, hence, the
rotor 9 can only rotate by means of a single one of the
transmissions 11, 12 and according to one single direc-
tion of rotation, precisely equal to the aforementioned
specific direction.

[0062] Indeed, the decoupling devices 13, 14 allow
only one of the respective wheels 19, 20 to rotate and
only in the direction contrary to the aforementioned spe-
cific direction.

[0063] More precisely, for example, if the wheel 17
were to rotate in the specific direction, it would be de-
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coupled from the wheel 19 by means of the decoupling
device 13, while the wheel 18 could remain coupled to the
wheel 20 by means of the decoupling device 14, since the
wheel 18 would rotate in the opposite direction relative to
the specific direction, i.e. contrary to the wheel 17.
[0064] By so doing, the wheel 19 would remain idle
while the wheel 20 would rotate in the opposite direction
to the specific direction, i.e. in the same direction as the
wheel 18. The external meshing between the wheels 20,
21 then causes the wheel 21 to rotate, therefore, in the
specific direction.

[0065] Similarly, if the wheel 18 were to rotate in the
specific direction, it would be decoupled from the wheel
20 by means of the decoupling device 14, while the wheel
17 could remain coupled to the wheel 19 by means of the
decoupling device 13, since the wheel 17 would rotate in
the opposite direction relative to the specific direction, i.e.
contrary to the wheel 18.

[0066] By so doing, the wheel 20 would remain idle
while the wheel 19 would rotate in the opposite direction
to the specific direction, i.e. in the same direction as the
wheel 17. The external meshing between the wheels 20,
21 then causes the wheel 21 to still rotate in the specific
direction.

[0067] The mechanism 10 schematically shown in fig-
ure 3 is one of the possible specific mechanisms con-
ceivable for transforming a reciprocating translatory mo-
tion of the slide 6 into a rotation of the rotor 9 according to
a single rotation direction. For instance, the mechanism
10 could for example comprise a typical connecting rod-
crank mechanism, whose properties are well known and
do not need to be described in detail.

[0068] According to the embodiments of figures 2 and
5, the axis K is fixed relative to the hull 2.

[0069] Inparticular, the screw 7 or, more in general, the
rotatable member is supported by the hull 2 in a rotary
manner around its own axis, specifically coinciding with
the axis K, for example by means of support elements 23,
such as bearings.

[0070] For example, the support elements 23 could
include two radial bearings and an axial bearing or two
oblique rolling bearings mounted in an X- or O-shaped
configuration.

[0071] More in particular, in figure 2, the axis K is
parallel to one between the axis X and the axis Y, spe-
cifically the axis Y.

[0072] In the specific example of figure 5, the axis K is
parallel to the axis Z.

[0073] In figure 5, the slide 6 or the mass 3 is sus-
pended against the action of the force of gravity by means
of an elastic element 24, in particular a spring. Specifi-
cally, the slide 6 is suspended relative to the hull 2 by
means of the elastic element 24.

[0074] Furthermore, the slide 6 or the mass 3 could
also be suspended by means of a shock absorber, in
addition or alternatively to the elastic element 24.
[0075] In general, elastic elements and/or shock ab-
sorbers can widely be used to couple the slide 6 or the

10

15

20

25

30

35

40

45

50

55

mass 3 to any other component of the boat 1, relative to
which the slide 6 or the mass 3 is movable.

[0076] The other component could be chosen from
those described herein or could be any other component
that may not be described in detail.

[0077] Furthermore, the use of the elastic and/or
shock-absorbing elements, in the ways just described
above, can be considered in all the forms of implementa-
tion of this description or even more in general.

[0078] The coupling of the slide 6 or the mass 3 to
another component by means of an elastic element
and/or a shock absorber implies the existence of an
elastic and/or damping reaction applied to the slide 6
or the mass 3, which affects the dynamics of the slide 6 or
the mass 3 relative to the hull 2.

[0079] According to the embodiment of figure 6, the
mechanism 4 comprises a plurality of kinematic chains 5
having respective slides 6, each having a degree of
translatory freedom along the corresponding axis K.
[0080] Theslides6 are coupled torespective rotors 9 of
corresponding electric motor-generators 8 of the boat 1,
for example in ways already described above and, there-
fore, not repeated any further for the sake of brevity.
[0081] Indeed, the coupling of the slides 6 to the cor-
responding rotors 9 can take place by means of respec-
tive mechanisms 10, such as the mechanism 10 already
described above.

[0082] In particular, figure 6 shows three kinematic
chains 5, in which the relative slides 6 are respectively
coupled to the mass 3 by means of ball joints 30, for
example forming part of the mechanism 4.

[0083] The kinematic chains 5 in figure 6 are all the
same, although arranged differently from one another
relative to the mass 3 and the hull 2.

[0084] Therefore, only one of the kinematic chains 5 of
figure 6 will be described, since features thereof speci-
fically disclosed below can also apply to the other kine-
matic chains 5 or, more in general, to any other kinematic
chain 5, such as those according to the embodiments of
figures 2 and 5.

[0085] The kinematic chain 5 comprises a guiding
member, which carries the relative slide 6 and extends
parallel to the corresponding axis K (the direction along
which the guiding member extends could also coincide
with the axis K).

[0086] The guiding member and the slide 6 are part of
the two link elements already mentioned above, which
are coupled to one another by means of the prismatic joint
P.

[0087] Therefore, the guiding member could be or
comprise the screw 7 or, more generally, the rotatable
member described above.

[0088] In particular, the guiding member is coupled to
the hull 2 by means of a ball joint 31, for example forming
part of the mechanism 4.

[0089] Therefore, the slide 6 as well as the mechanism
10 and even the motor-generator 8 (the latter being
coupled to the slide 6 through the mechanism 10) can
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oscillate or, anyway, move relative to the hull 2.

[0090] The kinematic chain 5, as shown in the specific
non-limiting embodiment of figure 6, includes the ball
joints 30, 31 as well as the prismatic joint P defining
the coupling between the slide 6 and the guiding member.
[0091] More specifically, although not necessarily, the
kinematic chain 5 has no other joints.

[0092] In practice, the kinematic chain 5 comprises or
is defined by an arm extendible along the axis, wherein
the extendible arm has a base portion, defined by the
guiding member, and a portion actually extendible along
the axis K relative to the base portion. The actually
extendible portion is defined by the slide 6. In particular,
the extendible arm has two ends respectively coupled to
the mass 3 and to the hull 2 by means of the ball joints 30,
31.

[0093] Inthe specific example of figure 6, the kinematic
chain 5 is one of the three serial branches (the other two
being defined by the other two kinematic chains 5) of the
mechanism 4, which has a parallel kinematic configura-
tion, where the mass 3 constitutes the platform shared by
the three branches.

[0094] Alternatively, the branches could also be avail-
able in a number other than three and could not neces-
sarily be all the same, as long as the mechanism 4
remains suitable for suspending the mass 3 and com-
prises the slide 6.

[0095] In general, an example of the operation of the
boat 1 is the following.

[0096] More specifically, the boat 1 is provided with one
or more non-shown "foils", i.e. plates or wings that are
fixed or movable relative to the hull 2 and are designed to
convert the resistance to advancement offered by water
into a bearing load on the hull 2. The bearing load allows
the hull 2 to be lifted beyond the free surface of the water,
so that the hull 2 can substantially glide above the water
surface with the support of the "foils".

[0097] Even when the hull 2 completely or almost
emerges, the hull 2 is still subject to a plurality of differ-
ently oriented forces (for example, alongthe axes X, Y, Z).
[0098] These forces could have, at least in an ideal
case, a module with a periodic trend over time with
relatively low frequencies.

[0099] Thanks tothese forces, the hull2 movesrelative
to the suspended mass 3, so that there is a relative
motion, which, in the ideal case, could be of a periodic
oscillatory nature, between the hull 2 and the mass 3.
[0100] In general, the relative motion corresponds to a
translatory motion of the slide 6 along the axis K. Pre-
cisely, the translatory motion corresponds to the compo-
nent along the axis K of the relative motion.

[0101] Inthe case of a periodic oscillatory nature of the
relative motion, the translatory motion can be of a peri-
odic reciprocating type. In particular, this depends on the
orientation of the axis K and on the operating conditions
of the boat 1.

[0102] If the axis K were aligned with a periodic oscil-
latory component of the relative motion, then the slide 6
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would have the reciprocating translatory motion, which
would thus follow the periodicity of the periodic oscillatory
component.

[0103] More in general, in a real case, the relative
motion is not ideally periodic, but can still be represented
in a frequency domain as a composition of several har-
monic contributions.

[0104] Therefore, the movement of the slide 6 relative
to the hull 2 is still representable in a frequency domain,
as well as in atime domain, and therefore has a spectrum
in the frequency domain.

[0105] However, the translatory motion of the slide 6
cangenerally be of areciprocating type, evenif notideally
periodic.

[0106] The mechanism 10 transfers the reciprocating
motion of the slide 6 to the rotor 9, which is caused to
rotate around the rotor axis R with a single direction of
rotation. In particular, the rotation of the rotor 9 could be
continuous, despite the reciprocating motion of the slide
6.

[0107] Hence, the motor-generator 8 can generate
electrical energy through the rotation of the rotor 9, in
particular in a continuous manner.

[0108] The generation of electrical energy corre-
sponds to a torque that counters the rotation of the rotor
9; said torque is clearly transmitted to the slide 6 and to
the mass 3, thereby countering the movement of the slide
6.

[0109] The torque countering the rotation of the rotor 9
can be limited, in general, to a maximum torque for
various reasons, for example due to the size of the
motor-generator 8 or on the basis of a control of the
motor-generator 8 based on the actual energy needs
of the boat 1.

[0110] Preferably, the mass 3 is sufficiently large
(namely, its value, for example expressed in kg), so that
its inertia ensures that the slide 6, in particular for all the
operating conditions of the boat 1, translates along the
axis K overcoming the resistance of the frictions of the
coupling to the guiding member, the frictions and inertias
of the mechanism 10, the inertia of the rotor 9 and the
maximum torque.

[0111] In other words, preferably, the mass 3 is suffi-
ciently large to guarantee the dynamic balance of the
rotor 9 under the action of the maximum torque contrary
to the rotation of the rotor 9, in particular for all the
operating conditions of the boat 1.

[0112] In the aforesaid dynamic balance, the angular
speed of the rotor 9 is sufficient to ensure the generation
of electrical energy by the motor-generator 8.

[0113] Owing to the above, the advantages of the boat
1 are evident.

[0114] Indeed, thanks to the suspension of the mass 3
through the mechanism 4 and thanks to the mechanism
10, the simple use of the boat 1 can enable the generation
of electrical energy through the motor-generator 8.
[0115] The electrical energy can directly be used to
power the electrical utilities of the boat 1 or stored in one
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or more electrical energy storage devices, such as bat-
teries, capacitors and the like.

[0116] The coupling with the prismatic joint P is parti-
cularly simple and effective, as well as enabling a solid
construction of the mechanism 10 and the possibility of
safely supporting the motor-generator 8.

[0117] Finally, the boat 1 according to the invention can
be subject to changes and variants, which, though, do not
go beyond the scope of protection set forth in the ap-
pended claims.

[0118] In particular, one or more of the various embodi-
ments described and shown herein can be combined with
one another or even be simply used together in the same
boat 1.

Claims
1. Boat (1) comprising

- ahull (2),

- afirstmechanism (4) coupled to the hull (2) and
comprising a mass (3) suspended relative to the
hull (2) by at least one kinematic chain (5) com-
prising at least one slide (6) having a translatory
degree of freedom along a first straight axis (K),
- an electric motor-generator (8), which com-
prises a rotor (9) rotating about a rotor axis
(R) and is configured to convert a kinetic energy
of arotation of the rotor (9) into electrical energy,
and

- a second mechanism (10) configured to trans-
form a reciprocating translatory motion of the
slide (6) along the first straight axis (K) into a
corresponding rotation of the rotor (9) around
the rotor axis (R) according to a single direction
of rotation.

2. The boat according to claim 1, wherein the first
straight axis (K) is fixed relative to the hull (2).

3. Theboataccording to claim 1, wherein the kinematic
chain (5) comprises a guiding member (7) extending
parallel to the first straight axis (K), carrying the slide
(6) movably along the first straight axis (K), and
coupled to the hull (2) via a ball joint (31).

4. The boat according to any one of the preceding
claims, wherein the second mechanism (10) com-
prises

- a member (7) rotatable about a second axis
and coupled to the slide (6) so as to rotate about
the second axis according to opposite directions
of rotation respectively in response to transla-
tions of the slide (6) according to opposite direc-
tions along the first straight axis (K),

- two transmissions (11, 12) arranged in parallel

10

15

20

25

30

35

40

45

50

55

and configured to couple the rotatable member
(7) to the rotor (9) respectively by transmitting
rotations of the rotatable member (7) according
to said opposite directions of rotation to the rotor
(9), thereby bringing the rotor (9) into rotation
about the rotor axis (R) according to said single
direction of rotation in response to both rotations
of the rotatable member (7) according to said
opposite directions of rotation.

The boat according to claim 4, wherein the transmis-
sions (11, 12) comprise respective decoupling de-
vices (13, 14) configured to interrupt the respective
couplings between the rotor (9) and the rotatable
member (7) via the respective transmissions (11, 12)
respectively when the rotatable member (7) rotates
according to a second direction and a first direction
respectively defined by said opposite directions of
rotation.

The boat according to claim 5, wherein atleast one of
the decoupling devices (13, 14) comprises a free
wheel or an engagement means controllable to be
selectively disengaged as a function of the rotation of
the rotatable member to interrupt the relative cou-
pling between the rotor (9) and the rotatable member

7).

The boat according to any one of claims 4 to 6,
wherein the rotatable member (7) and the slide (6)
are part of a nut-screw system, such as a ball screw.
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