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Title: A system for generating electricity onboard a moving vessel

Technical field

The invention relates to generation of electricity onboard boats. In particular the
invention relates to a combined propulsion and generator by a rotatable propeller
unit with foldable propeller blades able to produce electricity in a more efficient
manner when the propeller unit is turned 180 degrees around from the propulsion
direction.

Background

Vessels at sea are in need of electricity. Electricity is generated by means of generators,
solar panels, wind generators or hydrogenerators or stored on batteries. Almost all
vessels also have a propulsion system using propellers to move the vessel forward. The
excellent idea of combining use of the propeller both for propulsion and generation of
electricity is available on the market. Different solutions have been sold in large numbers
in particular to sailing boat owners. When using a folding propeller for the purpose of
generating electricity, the currently available solutions must have software constantly
balancing the charging level and keeping the folding propeller at a min. rpm. to prevent
collapse. The balancing act refers to balancing the centripetal force generated when
rotating the propeller against the force of the generator slowing the propeller down and
the water pushing the propeller blade towards a closed position. This link describes this
very well, https://oceanvolt. com/solutions/hyvdro-generator/. Also available is the
Oceanvolts’s “servoprop”, which uses a variable pitch folding propeller where the
software continuously optimizes the pitch by limiting the charging level relative to the
boat sailing speed. The first solution mentioned gives a very limited charging possibility,
and the second is both expensive and mechanically complicated and have problems with
growth, damage etc.

Gori fixed pitch steps folding propeller is also available and may be used for generating
electricity. The product is described on their website:
https://goripropeller.com/product/3-blade-folding-overdrive-propeller/

Normal functionality for propulsion, and for hydro charging in 180 degrees the overdrive
function combined with higher pitch causes higher charging levels at lower speeds/lower
rpm. of the propeller.

Also known in the literature is variable blades, that turn depending on rpm (this link
describes both feathering and variopropeller:
https://www.youtube.com/watch?v=1YxgOAHRDkY )

When a charging unit is only intended for charging an optimized, larger diameter
propeller with higher pitch, either fixed or folding propeller, is preferred.

An object of the invention is to find a solution to the problem of how to use foldable
propellers mounted on a vessel for generating electricity in a robust and efficient manner
when sailing.
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Summary of the invention

The invention describes a system for generating electricity on a moving vessel,
wherein the system comprises a rotatable propeller unit. The rotatable propeller unit
comprises a propeller with a propeller base with at least two foldable propeller
blades hinged attached, wherein the at least two propeller blades can move between
a folded position with the at least two propeller blades substantially aligned with a
longitudinal direction of the propeller unit and an unfolded position with the at least
two propeller blades substantially directed perpendicular to the longitudinal
direction of the propeller unit. The at least two propeller blades are fully open and
blocked against further movement past the substantially perpendicular direction
when in the unfolded position. The system further comprises a generator for
generating electricity from power provided by the propeller unit and power transfer
means for transferring rotational power between the propeller unit and the
generator. The rotatable propeller unit is at least rotatable in a substantially
horizontal plane between a rearward pointing position and a forward pointing
position in which the foldable propeller blades are able to transfer motional energy
from the passing water to rotational energy in the propeller because of the fully
open unfolded position of the propeller blades. The generator is positioned in the
rotatable propeller unit wherein the generator also functions as an electrical motor
propelling the vessel forward and as a side thruster

In an embodiment of the system the propeller unit is rotatable 360 degrees.

In yet an embodiment of the system the foldable propeller blades have a pitch
between an optimal pitch for charging and an optimal pitch for propulsion.

In yet an embodiment of the system the pitch of the foldable propeller blades has
two steps: one step having a pitch optimized for charging and another step having a pitch
optimized for propulsion.

In yet an embodiment of the system the pitch of the foldable propeller blades is
continuously variable.

In yet an embodiment of the system, the system further comprising a motor and a
gearbox for coupling the power transfer means to the motor and the generator.

In yet an embodiment of the system the system further comprises a battery for
storing electric energy produced by the generator.
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Brief description of the figures

The invention will now be described in more detail by reference to the
accompanying figures. The same numeral on different drawings refer to the same
feature.

Fig. 1 shows a perspective view of an embodiment of a propeller unit according to
the invention in a folded state.

Fig 2 shows a perspective view of an embodiment of a propeller unit according to
the invention in an unfolded state.

Fig. 3 shows an embodiment of a propeller unit turned in a forward pointing
position for generating electricity.

Fig 4 shows an embodiment of a propeller unit turned in a rearward pointing
position for propelling the vessel forward.

Fig. 5 shows an embodiment of a propeller unit turned in a sideways pointing
position for thrusting the vessel sideways.

Fig. 6 shows an embodiment of the system for generating electricity on a moving
vessel.

Fig. 7 shows an embodiment of the system including a motor and a gearbox.

Fig. 8 shows an embodiment of the system wherein the generator is positioned in
the propeller unit.

Fig. 9 shows an embodiment of the propeller unit which is able to sweep a sector to
find an optimal angle for charging.

Detailed description

The invention describes a system for generating electricity on a vessel moving in water.
The system comprises a rotatable propulsions unit 1 able to function as a main propulsion
unit, side thruster and hydrogenerator combined. By hydrogenerator we mean a propeller
being rotated by water passing the propeller and transferring the rotational energy to a
generator for production of electricity. The propeller unit 1 is rotatable in a horizontal
plane by means of an electric servo 2, controlled by joystick/steering wheel, or manual
lever 3 version integrated into the boat’s existing steering system. An embodiment of
such systems is shown in fig. 6 and 7. The rotatable propeller unit 1 comprises a
propeller 6 and is under water, normally under the hull 4, behind the keel 5, well
protected against ropes, plastic bags, wood branches, seaweed etc., which is a huge
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problem to water surface hydrogenerators. We consider an extension arm 22 for
extending the propeller unit 1 away from the hull 4 as part of the propeller unit 1.

The system further comprises a generator 14 and power transfer means 16 for
transferring mechanical power between the generator 14 and the propeller 6. As shown
in fig. 8 the generator 14 may be positioned in the rotatable propeller unit 1. Furthermore,
the power transfer means 16 may in its simplest form (seen in fig. 8) be a shaft between
the propeller and the generator. There may also be a gear box 18 between the propeller 6
and the generator 14 to enable improved adjustment of rpm. In another embodiment a
gear box 18 is positioned between the propeller 6 and the generator to enable improved
adjustment of rpm. The gear box 18 may also be able to direct power from a motor 13
separate from the generator 14 to the propeller (see fig. 7).

In one embodiment of the invention, which is particularly relevant for sailing boats, the
propeller is a standard folding propeller 6. Folding propellers 6 are fairly common in
order to minimize drag, and increases speed substantially as compared to normal fixed
propellers, when sailing. The rotatable propeller unit 1 is able to turn at least 0 - 180
degrees relative to the sailing direction of the vessel. A standard folding propeller will
normally collapse if any resistance due to charging is added. When using the propeller
unit 1 for propulsion/side-thruster the folding propeller 6 will be fully open and will
collapse during sailing for minimum drag. A folding propeller have at least two propeller
blades 7 which all are hinged attached to a propeller base 8 with a rotational axis 15
substantially perpendicular to the longitudinal axis of the propeller unit 1. When the
foldable propeller is rotated by a motor 13 the foldable propeller 6 will unfold due to
centripetal forces at first and, and as it unfolds, also because of the well-known shape of
the propeller blades combined with the rotational force from the motor 13. The propeller
blades 7 are configured to stop unfolding past a position substantially perpendicular to
the longitudinal direction of the propeller unit.

Fig. 1 and 2 shows an embodiment of the foldable propeller 6. The propeller blades 7
rotates around a pin 11 attached to the propeller base 8 and reaches an optimal angle
close to 90 degrees to the longitudinal axis of the propeller unit 1 a locking surface 9 on
the base of the propeller blades 7 abuts a stopping surface 10 on the propeller base 8. Fig.
3, 4 and 5 shows different rotational positions of the propeller unit 1. Fig 3 shows the
propeller unit 1 rotated 180 degrees relative to a centerline (CL) of the vessel in a
position for charging. Fig. 4 shows the propeller unit in an unrotated position suitable for
propulsion, while fig. 5 shows the propeller unit 1 in an intermediate angle suitable for a
sideway thrust. When turned 180 degrees around and as long as the vessel moves in a
forward direction, the folding propeller 6 will be kept fully open at all times due to the
passing water pushing the propeller blades 7 towards an open unfolded position and
rotating the propellers. In such a configuration the charging level will be set depending
on water speed and battery charge level, and not by a collapsing balance, which is the
issue with known systems without turning feature using a folding propeller for generating
electricity. With the described invention the captain can control how much to charge vs.
how much the charging drag slows down the sailing speed by direct manual control or by
means of software controlling the generator.
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It is possible to customize the folding propellers to optimize for charging or for
propulsion. A user has to choose between a propeller designed for max. speed during
drive, or maximum charging level when generating electricity. When comparing a given
power (ie. SkW), the propeller for propulsion needs to torque the motor lower compared
to the propeller required to torque the generator to obtain charging power of SkW. A
higher pitch on the propeller blades is optimal when charging compared to the optimal
pitch for propulsion. This can also be regulated by the diameter of the propeller. A simple
and acceptable solution is to choose a propeller between these two optimal parameters to
get a compromise between max. speed, and max. charging. A preferred solution is to
have a propeller with variable pitch. The pitch can be continuously variable or, for lower
cost and mechanical complexity, comprise two steps. One step having a pitch optimized
for charging and another step having a pitch optimized for propulsion.

In an embodiment illustrated in fig. 9 the angle of the propeller unit 1 can be adjusted to
allow for a waterflow to be slightly angled with respect to the longitudinal centerline 21
of the boat when the generator is functioning as a generator and not as an electric motor.
This is most often the cased when sailing with a wind component pushing sideways on
the sails. The centerline 20 of the propeller unit is sweeping a sector on each side of a
line parallel with the longitudinal centerline 21 to find the optimal angle for charging.
The output from the generator at the different angles is measured and then locked on to
the angle where the output of the generator is the largest. This only works in stable
condition without too much waves and gusts of wind. Preferably, the centerline 20 of the
propeller unit is sweeping an angle o of 5 degrees on each side of the longitudinal
centerline 21 of the boat, more preferably the propeller unit is sweeping an angle o of 10
degrees on each side of the longitudinal centerline 21 of the vessel as indicated by — a.
and + a.

In order to avoid too high load on the folding propellers when opening up the propeller
blades, the propeller unit 1 may be prohibited to be turned into a generator position when
the speed is above a threshold. 10 or 15 knots may be a reasonable threshold.

Preferably the propeller unit can be lifted-up or out of the water or retracted into the hull.
This is preferable to lower drag when sailing, especially if using a fixed propeller, but
also for folding propellers.
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References

1 Rotatable propeller unit

2 Electric servo

3 Manual lever

4 Hull

5 Keel

6 Propeller

7 Propeller blades

8 Propeller base

9 Locking surface

10 Stopping surface

11 Pin

12 Vessel

13 Motor

14 Generator

15 Rotational axis of propeller blade
16 Power transfer means

17 Battery

18 Gearbox

19 Rotational axis of propeller unit
20 Longitudinal direction of propeller unit
21 Longitudinal direction / Centerline of the vessel
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1. A system for generating electricity on a moving vessel (12) comprising:

a rotatable propeller unit (1) comprising:

a propeller (6) with a propeller base (8) with at least two foldable
propeller blades (7) hinged attached, wherein the at least two
propeller blades (7) can move between a folded position with the at
least two propeller blades substantially aligned with a longitudinal
direction of the propeller unit (1) and an unfolded position with the at
least two propeller blades (7) substantially directed perpendicular to
the longitudinal direction (20) of the propeller unit (1) and wherein
the at least two propeller blades (7) are fully open and blocked against
further movement past the substantially perpendicular direction when
in the unfolded position,

a generator (14) for generating electricity of power provided by the propeller
unit (1),

power transfer means (16) for transferring rotational power between the
propeller unit (1) and the generator (14),

wherein the rotatable propeller unit (1) is at least rotatable in a substantially
horizontal plane between a rearward pointing position and a forward pointing
position in which the foldable propeller blades (7) are able to transfer
motional energy from the passing water to rotational energy in the propeller
(6) because the at least two propeller blades (7) are fully open and blocked
against further movement past the substantially perpendicular direction,

characterized in that the generator is positioned in the rotatable propeller
unit (1) wherein the generator (14) also functions as an electrical motor (13)
propelling the vessel (12) forward and as a side thruster.

System according to claim 1 wherein the propeller unit (1) is rotatable 360
degrees.

System according to any of the preceding claims, wherein the folding
propeller blades (7) has a pitch between an optimal pitch for charging and an
optimal pitch for propulsion.

System according to any of the preceding claims, wherein the pitch of the
foldable propeller blades (7) have two steps: one step having a pitch optimized
for charging and another step having a pitch optimized for propulsion.
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5. System according to any of the preceding claims, wherein the pitch of the
foldable propeller blades (7) is continuously variable.

6. System according to any of the preceding claims, further comprising a motor
(13) and a gearbox (18) for coupling the power transfer means (16) between
the motor (13) and the generator (14).

7. System according to any of the preceding claims, wherein the system further
comprises a battery (17) for storing electric energy produced by the
generator (14).
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