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Description

I. Technical Field

[0001] The present technology relates generally to a
cycloidal-marine propulsion system. In some embodi-
ments, the technology relates more particularly to a cy-
cloidal marine-propulsion system comprising multiple
electric motors for controlling individually each of multiple
respective cycloidal blades.

II. Background

[0002] A cycloidal-drive propeller system is a special-
ized marine propulsion system allowing high maneuver-
ability. The system allows change of vessel thrust to a
direction and magnitude per command.
[0003] Cycloidal-drive propeller systems are used
widely in vessels for which station keeping and high
maneuverability at lower speeds are central functions,
such as tugboats, ferries, and offshore support vehicles.
A conventional type of cycloidal-drive propeller system
is a Voith-Schneider propeller (VSP) system.
[0004] Conventional cycloidal propeller systems use
heavy-duty drive engines such as a diesel motor drive.
The drive provides input power and torque for a relatively
complex group of intermediary structures leading to a
complex mechanical gearbox and crosshead arrange-
ment.
[0005] The drive engine of conventional systems is al-
so connected to the mechanical gearbox and slider ar-
rangement by way of a series of relatively intermediate
structures and a main, vertical, system shaft. The inter-
mediate structures include, for instance, couplings (e.g.,
displaceable coupling), intermediate drive shafts such as
a Cardan shaft, and step-down gears, with or without one
or more clutches.
[0006] During vessel movement, and especially high-
vessel-speed operation, the vertical propeller blades of
a cycloidal drive create undesirably high drag in the wa-
ter. The drag is particularly high under certain conditions,
such as during continuous running of the vessel at high
power. The drag slows the vehicle, limiting speed and
thus vessel efficiency. The drag also lowers fuel econo-
my, requiring more power and so fuel to overcome the
drag.
[0007] Due to the relatively complex intermediate
structures, mechanical gearbox, and crosshead arrange-
ment described, response time between a triggering in-
put - e.g., a signal transmitted in response to a captain
pulling a lever - and the desired response is also unde-
sirably high. The complex mechanical drive is also noisy
and causes unwanted vibration due to unbalanced forces
and couples. DE 100 60 067 discloses a cycloidal marine-
propulsion system where propeller blades are mounted
in a manner allowing each blade to be independently
rotated about its primary blade axis.

III. Summary of the Embodiments

[0008] Given the aforementioned deficiencies, there is
a need for a cycloidal marine-propulsion system that re-
duces significantly drag formed at vertical propeller
blades of the system during high-vessel-speed opera-
tion.
[0009] The present technology accomplishes this and
other goals in various embodiments. In one embodiment,
the system includes multiple electric drives connected to
respective cycloidal-propeller blades for controlling the
respective blades selectively. Each electric drive allows
complex and fine control of position and movement of
the blade to which it is connected.
[0010] Each blade can be moved, independent of
movement of each of the other blades, and independently
of a rotational position of the vertical main assembly. Both
independences are distinctions compared to the conven-
tional mechanical drive system.
[0011] Each blade can be moved in any of a variety of
ways to reduce drag and accomplish other desired func-
tions such as creating, increasing, and/or re-directing
thrust.
[0012] One way each blade can be repositioned or
moved selectively is by rotating the blade about a prima-
ry, longitudinal (extending along a primary length, usually
generally vertical of the blade - reference axis 117 in FIG.
1).
[0013] In a contemplated embodiment, each blade can
also be tilted, or pitched, whereby an angle of a blade
axis (e.g., axis 117) is changed. This embodiment is de-
scribed more below.
[0014] In still another contemplate embodiment, all of
the blade axis can be moved toward or away from a main
system axis (e.g., axis 107, FIG. 1). And each blade can
be moved in more than one manner at a time - e.g., tilted,
while being rotated about its blade axis, and both at the
same time that the blade is being moved with the other
blades about the main system axis. These aspects are
also described more below.
[0015] In addition to providing increased ability to re-
duce drag and in some instances increase thrust, the
individual blade control of the present technology im-
proves response time between desired blade action (e.g.,
positioning or motion) resulting from input signals - e.g.,
an input signal from the controller or a vessel captain to
increase speed and/or operate in a low-drag, or energy-
efficient, mode, and can also reduce noise (e.g., under-
water, or underwater and noise passing to the air) and
vibrations (e.g., underwater and into the vessel).
[0016] In some embodiments, efficiency, as well as fine
control, are further promoted by a direct electric drive.
The electric drive is linked directly to a main system axis
shaft and, thereby, to a disc or plate holding the propeller
blades. The direct electric drive also promotes quick re-
sponse time between input and resulting propeller action.
[0017] Further features and advantages, as well as the
structure and operation of various embodiments, are de-
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scribed in more detail below with reference to the accom-
panying drawings. The technology is not limited to the
specific embodiments described herein. The embodi-
ments are presented herein for illustrative purposes only.
Additional embodiments will be apparent to persons
skilled in the relevant art(s) based on the teachings con-
tained herein.
[0018] In one embodiment, the present invention can
provide a cycloidal marine-propulsion system according
to claim 1.
[0019] The controller can include computer-executa-
ble instructions, comprising a control map, that, when
executed by a processor of the controller, cause the proc-
essor to control separately each of the electric actuators
according to the control map.
[0020] The cycloidal marine-propulsion system can
further comprise a primary vertical-axis drive shaft con-
nected to the lower disc and a primary-axis drive con-
nected to the drive shaft for turning the shaft and, thereby,
turning the lower disc. The computer-executable instruc-
tions, comprising the control map, when executed by the
processor, can cause the processor to control operation
of the primary-axis drive according to the control map.
[0021] The cycloidal marine-propulsion system can
further comprise a primary vertical-axis drive shaft con-
nected to the lower disc and a primary axis drive con-
nected to the drive shaft for turning the shaft and, thereby,
the lower disc. The primary-axis drive can include an
electric motor connected directly to the primary vertical-
axis drive shaft.
[0022] The cycloidal marine-propulsion system can
further comprise a primary vertical-axis drive shaft con-
nected to the lower disc a primary axis drive connected
to the drive shaft for turning the shaft and, thereby, the
lower disc. The controller can be in communication with
the primary-axis drive for controlling the drive according
to the control map.
[0023] Each of the plurality of propeller blades can be
connected to the disc in a manner allowing the blade to
tilt independent of any tilting of every other one of the
propeller blades. The controller can include computer-
executable instructions, comprising a control map, that,
when executed by a processor of the controller, cause
the processor to control separately each of the electric
actuators, to control blade tilt independently, according
to the control map.
[0024] The control map can include code that, when
executed by the processor, produces output, used in con-
trolling separately each of the electric actuators, based
on at least one data input selected a group consisting of:
on-blade sensor data; adjacent-blade-angle-sensor da-
ta; main-assembly-angle-sensor data; present system-
power data; available-system-power data; present ves-
sel-speed data; requested-vessel-speed data; wind-
speed data; ambient-water-temperature data; present-
vessel-heading data; requested-vessel-heading data;
present-vessel position data; requested-vessel-position
data; water-depth data; watcr-currcnt data; vessel-type

data; propulsion-layout data; vessel-captain command;
and controller auto-generated command.
[0025] The cycloidal marine-propulsion system can
further comprise a primary vertical-axis drive shaft con-
nected to the lower disc. Each of the plurality of propeller
blades can be connected to the disc in a manner allowing
the blade to be rotated about its primary blade axis inde-
pendent of any about-axis rotation, non-rotation, and po-
sition of the primary vertical-axis drive shaft.
[0026] In another embodiment, the present invention
can provide a method, for controlling a cycloidal-ma-
chine-propulsion system being used in a marine vessel,
according to claim 7.
[0027] Each of the actuators can include an electric
motor.
[0028] The vessel-kinematic command can indicate a
request to stop the vessel, maintain a present motion
characteristic of the vessel, or to maintain a present non-
motion characteristic of the vessel.
[0029] The vessel-kinematic command can be a pre-
vious vessel-kinematic command. In this case, the meth-
od can further comprise determining whether a new ves-
sel-kinematic command is present, and acting on the new
vessel-kinematic command if present.
[0030] The method can further comprise determining,
using the vessel-kinematic command, the control map,
and input data, a main-axis-drive-control command for
controlling a main-axis drive of the system, and transmit-
ting the main-axis-drive-control commands to the main-
axis drive.
[0031] The blade-control commands can request at
least one change selected from a group consisting of: a
change of position of the respective blade; a change to
a blade rotation about a blade-axis; and a tiling of the
blade.
[0032] The vessel can include a primary vertical-axis
drive shaft. Each of the plurality of propeller blades can
be connected to the disc in a manner allowing the blade
to be rotated about its primary blade axis independent of
any about-axis rotation, non-rotation, and position of the
primary vertical-axis drive shaft. The step of determining,
using the vessel-kinematic command, the control map,
and the input data, distinct blade-control commands for
controlling independently each of multiple cycloidal pro-
peller blades, can include determining blade-control
commands for controlling the blades wherein each blade
is not limited mechanically to only one blade position
based on about-axis rotational movement, non-move-
ment, and position of the primary drive shaft.
[0033] In another embodiment the present invention
can provide a method, for controlling a cycloidal-ma-
chine-propulsion system being used in a marine vessel,
according to claim 13.
[0034] The method can further comprise determining,
using the control map and the input data, a main-axis-
drive-control command for controlling a main-axis drive
of the system, and transmitting the main-axis-drive-con-
trol commands to the main-axis drive.
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[0035] The vessel can include a primary vertical-axis
drive shaft. Each of the plurality of propeller blades can
be connected to the disc in a manner allowing the blade
to be rotated about its primary blade axis independent of
any about-axis rotation, non-rotation, and position of the
primary vertical-axis drive shaft. The step of determining,
using the vessel-kinematic command, the control map,
and the input data, distinct blade-control commands for
controlling independently each of multiple cycloidal pro-
peller blades, can include determining blade-control
commands for controlling the blades wherein each blade
is not limited mechanically to only one blade position
based on about-axis rotational movement, non-move-
ment, and position of the primary drive shaft.
[0036] The blade-control commands can request at
least one of a change to a blade rotation about a blade-
axis and/or a tiling of the blade.

IV. Brief Description of the Drawings

[0037] Exemplary embodiments may take form in var-
ious components and arrangements of components. Ex-
emplary embodiments are illustrated in the accompany-
ing drawings, throughout which like reference numerals
may indicate corresponding or similar parts in the various
figures.
[0038] The drawings are only for purposes of illustrat-
ing preferred embodiments and are not to be construed
as limiting the technology. Given the following enabling
description of the drawings, novel aspects of the present
technology will be evident to a person of ordinary skill in
the art.

FIG.1 is a perspective view of the cycloidal marine
propulsion system positioned in a marine vessel.
FIG. 2 is a side cut-away view of the system of FIG. 1.
FIG. 3 is a schematic diagram of a computing device
for use in performing functions of the present tech-
nology.
FIG. 4 is a flow chart showing operations of a method
performed by the present technology.

V. Detailed Description of the Embodiments

[0039] While exemplary embodiments are described
herein with illustrative embodiments for particular imple-
mentations, it should be understood that the technology
is not limited thereto. Those skilled in the art with access
to the teachings provided herein will recognize additional
modifications, applications, and embodiments within the
scope thereof, and additional fields in which the cycloidal
marine-propulsion system described herein would be of
significant utility.

Figure 1 - System Components

[0040] FIG.1 is a perspective view of a cycloidal marine
propulsion system 100, positioned in a marine vessel

101, according to embodiments of the present technol-
ogy. The system 100 includes a primary drive 102.
[0041] In one embodiment, the primary drive 102 is a
fully electric drive.
[0042] The drive 102 is in one embodiment linked di-
rectly (e.g., without complex intermediary components
such as clutches, step down or up gears) to a main ver-
tical system shaft 104 of the system 100. The drive 102
is in this case referred to as a direct drive - e.g., a direct
electric drive.
[0043] The main shaft 104 is connected rigidly to a
blade-mounting disc 106, and the two rotate about a main
system axis 107 in operation.
[0044] The system 100 also includes at least one angle
sensor (not shown in detail) positioned on or adjacent
the main shaft 104.
[0045] A direct-drive arrangement promotes efficiency
and fine control of the system 100, as losses from inter-
mediate structure (e.g., couplings, such as a displacea-
ble coupling, intermediate drive shafts such as a Cardan
shaft, and step-down gears, with or without one or more
clutches) that would otherwise be present are avoided
or greatly limited.
[0046] A direct drive arrangement, e.g., a direct electric
drive, also allows very fast system response. By limiting
intermediate structure between the drive 102 and the pro-
peller disc 106, time between an input signal, initiated by
a system controller or vessel operator, and resulting pro-
peller action - e.g., rotation of propeller disc 106. A system
controller is described further below.
[0047] An electric motor 102 is in one embodiment a
synchronous motor. The motor 102 may be a wound-field
or permanent-magnet type of motor. In one embodiment,
the motor 102 is an induction-type motor. And in another,
the motor 102 is a reluctance-type motor.
[0048] In contemplated embodiments, the main drive
102 is not electric, or not entirely electric, being, e.g., a
type of diesel engine or other internal combustion engine
(e.g., Otto, petrol, gas turbine, etc.) The drive 102 can
include hydraulic or pneumatic features, and connect di-
rectly or indirectly to the main shaft 104. The drive 102
is described further below, including in connection with
FIG. 2.
[0049] In one contemplated embodiment, the main as-
sembly drive 102 includes or is connected to a geared
system (not shown) for turning the main shaft 104. The
geared system can include a gear ring, located on a pe-
riphery of the main shaft 104, connected to one or more
pinion gears driven by one or more high speed motors.
[0050] The blade-mounting disc 106 can be referred
to by other names, such as main rotating assembly, or
lower, inner, structure. The disc 106 rotates with respect
to a lower, outer, structure or frame described further
below in connection with FIG. 2, and reference numeral
210.
[0051] The drive 102 - e.g., direct drive - is in some
embodiments controlled by a controller using a control
map. The map comprises at least one algorithm accord-
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ing to which the main shaft can be controlled. The map
can use as inputs, to determine main shaft operation,
any of a wide variety of input data, such as any of output
from the on-blade or adjacent-blade angle sensors, out-
put from main assembly angle sensor(s), system power
being used, system power available, present vessel
speed, vessel attitude (e.g., roll or pitch), vessel speed
desired or requested (by command of a vessel operator
or the controller 300 (FIG. 3), for instance), wind speed,
ambient water temperature, water depth present heading
and/or position, heading and/or position desired or re-
quested (by, e.g., command of a vessel operator or the
controller), a type or characteristic of the vessel 101, a
propulsion layout, vessel-captain command, controller
auto-generated command, etc.
[0052] The type of vessel will influence the method and
type of control, since it is important for certain vessels to
have accurate station-keeping characteristics, for exam-
ple, platform supply vessels, or to have fast transit times,
but still require improved maneuverability, such as in the
case of ferry boats.
[0053] The propulsion layout, relative to the vessel
center of gravity, or other vessel handling parameter, will
require the control map to take into account those char-
acteristics and parameters. For example, a tug custom-
arily has two propulsion units at the furthest aft section
of the hull, whereas a ferry could have the propulsion unit
at the forward and after parts of the ship.
[0054] The shaft 104 is controlled to accomplish de-
sired vessel dynamics, such as vessel speed, vessel-
speed vector, vessel thrust, and vessel attitude.
[0055] The control map can also be configured to con-
trol the system 100 in a manner that lowers or minimizes
drag created by one or more of the blades, thereby im-
proving fuel efficiency. The control can also be performed
to maintain or produce more thrust, and can effected in
less time than conventional systems, as mentioned
above.
[0056] The control can include controlling movement
of the main shaft 104. These control features are de-
scribed further below in connection with FIGs. 3 and 4.
[0057] The system 100 further includes multiple actu-
ators 108, such as electric motors, mounted locally to the
propeller disc 106. Each actuator 108 is connected to
respective system propeller blades 110.
[0058] Each blade 110 includes a distal end 112 that
is positioned below a bottom 113 of the vessel 101 and,
during operation of the system 100, positioned in the wa-
ter 115 in which the vessel 101 is positioned.
[0059] Each actuator 108 is controlled by control sig-
nals received from a system controller, for instance, as
described further below. While actuators 108 can be con-
trolled to move their respective blades 110 according to
some relationships (e.g., each blade is controlled to be
positioned 20 degrees further in its rotation, about its
blade axis, than a preceding adjacent blade on the disc
106), each actuator 108 is controlled to drive its respec-
tive blade 110 to move, or not move, independent of any

motion of any of the other blades. That is, each actua-
tor/blade pair can be controlled to move while each other
actuator/blade is moved in any way, or kept from moving.
[0060] Thus, while one of the blades 110 can be rotated
by a first angle in a first direction (e.g., clockwise) about
its longitudinal (e.g., usually vertical) axis, for instance,
another of the blades 110 can be controlled to move in
any way, according to the control map, which can contain
one or more algorithms for these purposes, such as by
rotating in the same or an opposite direction by the same
or another angle, or controlled to not move.
[0061] The system 100 also includes angle sensors on
or adjacent each blade 110. These sensors are in one
embodiment a part of the actuators 108. For simplicity,
the sensors considered illustrated by the components
108 in the figures, though the sensors may be physically
distinct from and/or connected to the actuators 108.
[0062] In the illustrated embodiment, the system 100
includes five actuators 108 (labeled respectively in the
figures as 108A -E) connected to five respective propeller
blades 110 - 110A-E. While five blades linked to five ac-
tuators are shown by way of example, it should be ap-
preciated that the system 100 can include any number
of actuators and respective blades.
[0063] The actuators 108 in some embodiments are
controlled by, or include, or are, one or more electric mo-
tors. These electric motors are considered shown by the
same structure 108 in the figures. The actuators 108 in
some embodiments include or are controlled by one or
more other types of drives, such as pneumatic or hydrau-
lic drives, considered shown by the same structure 108
in the figures.
[0064] The actuators 108 in some embodiments in-
clude electric stepper motors. In one embodiment, the
actuators are reluctance-type motors. Considerations in
selecting or designing a motor of the actuators 108 in-
clude any or all of responsiveness (e.g., response time),
strength, robustness, durability, and noise reduction.
[0065] The actuators 108 can be operated to control
velocity - speed and direction of movement, angular
and/or linear - of the respective blades 110.
[0066] In operation, position of each blade 110 chang-
es in a rotation phase of the system 100 in which the
rotating disc 106 is being rotated. The blades 110 being
rotated by the disc 106 can create vectored thrust.
[0067] Disc rotation and/or individual blade rotations
can be, as mentioned above, controlled separately by a
controller implementing a control map, or algorithm there-
in. The control map can use as inputs, to determine main
shaft operation, any of various inputs, such as any of
output from the on-blade or adjacent-blade angle sen-
sors, output from main assembly angle sensor(s), system
power being used, system power available, present ves-
sel speed, vessel speed desired or requested (by, e.g.,
command of a vessel operator or the controller 300 (FIG.
3)), wind speed, ambient water temperature, water depth
present heading and/or position, heading and/or position
desired or requested (by, e.g., command of a vessel op-
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erator or the controller), a type or characteristic of the
vessel 101, a propulsion layout, vessel-captain com-
mand, controller auto-generated command, etc.
[0068] Angular speed of any of the blades 110, about
a respective blade axis 117 can be increased during the
rotation phase to increase thrust. Angular speed of any
blade, about its axis 117, can also be changed to de-
crease drag of the blade 110 in the water 115 when the
vessel 101 is moving.
[0069] The blades 110 are controlled individually to ac-
complish desired vessel dynamics - e.g., vessel speed
vector, thrust, and attitude. The map, or algorithm, can
also be configured to control the vessel to lower or min-
imize drag created by one or more of the blades 110
against the water 115, to improve fuel efficiency, and the
like.
[0070] In a contemplated embodiment, thrust created
by each blade 110, and/or an amount of drag caused by
each blade 110 moving through the water 115, can also
be affected by posture or position of the blade 110 with
respect to the disc 106 - e.g., tilt angle of the blade axis
117. Any one or more of the blades 110 can be moved
selectively so that a lower, distal, tip 114 of the blade 110
moved radially outward, farther from the main system
axis of rotation 107.
[0071] Each blade can be moved in more than one
manner at a time, as mentioned. A blade can be tilted
(i.e., changing an angle of the blade axis 117 with respect
to the main system axis 107), e.g., while it is being rotated
about its blade axis 117. And the blade can be tilted while
being rotated about its blade axis, and both at the same
time that the blade is being moved with the other blades
about the main system axis. The blade can also be trans-
lated, as a whole, toward or away from the main system
axis 107 while the blade is being moved in another way,
such as being rotated about its axis 117 and/or by tilting
- changing an angle of the blade axis 107 with respect
to the system main axis 117.
[0072] In one embodiment, the system 100 or at least
the vessel 101 includes a thrust plate 116. The plate 116
is in the illustrated embodiment suspended below the
vessel 1 01 and positioned just below the tips 114 of the
blades 110.
[0073] In a particular contemplated embodiment, pos-
ture of each blade 110 can also be controlled by the con-
troller, implementing the control map, or algorithm, based
on any of the controller inputs described herein. The con-
troller and control map or algorithm are described further
below regarding FIGs. 3 and 4.
[0074] The individual cycloidal-system blade control of
the present technology, using an electric drive controlling
each of multiple cycloidal propeller blades, e.g., allows
complex and fine control of blade angles. The blades can
be controlled to accomplish benefits including desired
vessel dynamics, such as mooring, translating, or linear
movement - e.g., straight forward, reverse, or sideways
motion.
[0075] The blade control can, as referenced above, be

performed, according to the control map, in ways to re-
duce drag. Drag can be reduced, e.g., by controlling in-
dividual blades separately so that each blade 110 creates
a limited amount of friction with the water 115 through
which the blades 110 are moving.
[0076] The map can be configured to cause each blade
100 to, at every instance, be positioned and/or moved to
create a desired thrust while minimizing drag created by
the blade. The map can be configured to cause each
blade 100 to, at every instance, be positioned and/or
moved to minimize drag while not performing a thrust-
creating action at the moment.
[0077] An individual-blade-control arrangement also
improves system response by limiting intermediate struc-
ture between the drive 102 and the lower disc 106, such
as the complex mechanical gearing and sliders of the
conventional VSP arrangements. In this way, time is lim-
ited between an input signal, initiated by a system con-
troller or vessel operator, and resulting blade positioning
or motion.

Figure 2 - Cycloidal Propulsion System in More Detail

[0078] FIG. 2 is a cut-away of the system 100 of FIG.
1. The embodiment shown includes upper bearings 202
and lower bearings 204.
[0079] The upper bearings 202 facilitate turning of the
main shaft 104, or structure connected rigidly to the axis
104, with respect to adjacent static structure. The upper
bearings 202 are positioned between an upper inner
edge 206 connected rigidly to the main shaft 104 and an
upper outer edge 208 connected to framing of the vessel
101.
[0080] The lower bearings 204 facilitate turning of the
main axis 104, or moving structure connected rigidly to
the main shaft 104, with respect to adjacent static struc-
ture. The lower bearings 204 are positioned between, for
instance, a lower inner edge 210 connected rigidly to the
main shaft 104 or disc 106, and a lower outer edge 212
connected to adjacent framing of the vessel 101.

Figure 3 - Computer System

[0081] FIG. 3 is a schematic diagram of a computing
device 300 for use in performing functions of the present
technology. The device 300 is configured to control var-
ious functions of the system 100, and can also be referred
to as a controller.
[0082] Although connections are not shown between
all of the components illustrated in FIG. 3, the compo-
nents can interact with each other to carry out computer
system functions.
[0083] The computer device 300 includes a memory,
or computer-readable medium 302, such as volatile me-
dium, non-volatile medium, removable medium, and non-
removable medium. The term computer-readable media
and variants thereof, as used in the specification and
claims, refer to tangible or non-transitory, computer-
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readable storage devices.
[0084] In some embodiments, storage media includes
volatile and/or non-volatile, removable, and/or non-re-
movable media, such as, for example, random access
memory (RAM), read-only memory (ROM), electrically
erasable programmable read-only memory (EEPROM),
solid state memory or other memory technology, CD
ROM, DVD, BLU-RAY, or other optical disk storage,
magnetic tape, magnetic disk storage or other magnetic
storage devices.
[0085] The computer device 300 also includes a com-
puter processor 304 connected or connectable to the
computer-readable medium 302 by way of a communi-
cation link 306, such as a computer bus.
[0086] The processor could be multiple processors,
which could include distributed processors or parallel
processors in a single machine or multiple machines. The
processor can be used in supporting a virtual processing
environment. The processor could include a state ma-
chine, application specific integrated circuit (ASIC), pro-
grammable gate array (PGA) including a Field PGA, or
state machine. References herein to processor execut-
ing code or instructions to perform operations, acts,
tasks, functions, steps, or the like, could include the proc-
essor performing the operations directly and/or facilitat-
ing, directing, or cooperating with another device or com-
ponent to perform the operations.
[0087] The computer-readable medium 302 includes
computer-executable instructions, or code 308. The
computer-executable instructions 308 are executable by
the processor 304 to cause the processor, and thus the
computer device 300, to perform any combination of the
functions described in the present disclosure.
[0088] The instructions 308 include instructions or
code 309 for controlling operation of the system 100
(FIGs. 1 and 2). The code 309 routes, or maps, various
conditions, indicated by conditions of the vessel 101 to
output commands for one or more controllable compo-
nents of the system 100. The code 309 may be referred
to as a control map, mapping code, routing code, deci-
sion, and includes various algorithms defining any de-
sired relationships between conditions and respective
commands.
[0089] Example input to the control map 309 includes
those referenced above, such as any one or combination
of: output from the on-blade or adjacent-blade angle sen-
sors; output from main assembly angle sensor(s); system
power being used; system power available; present ves-
sel speed; vessel speed desired or requested (by, e.g.,
command of a vessel operator or the controller 300); wind
speed; ambient water temperature; water depth; heading
or position desired or requested (by, e.g., command of a
vessel operator or the controller 300); a type or charac-
teristic of the vessel 101; a propulsion layout; vessel-
captain command; controller auto-generated command,
etc.
[0090] The control map 309 in one embodiment in-
cludes mapping, to one or more appropriate outputs, any

of various combinations of such inputs and indications
communicated by the inputs. Example indications in-
clude whether a device or condition is present/not
present, on/off, percentages (e.g., percentage of vessel
power being used or available), levels (e.g., vessel
speed, water temperature), amounts (e.g., remaining
batter power), and/or other values (e.g., angular, linear,
or other position relating to the main axis 104 or any pro-
peller blade(s) 110).
[0091] Outputs include commands or signals instruct-
ing operation of one or more components of the system
100. The controllable components can include the main
system drive 102 controlling rotation of the main axis 104.
As mentioned, the main drive 102 in one embodiment
includes an electric drive linked directly to the main axis
104. Aspects of the main axis 104 controlled include pri-
marily direction of rotation and speed of rotation. The
main axis rotation affects directly rotation of the blade-
mounting disc 106, and so rotation of all of the blades
110, about the main system axis 107.
[0092] The controllable components can also include
each of the propeller blades 110. In these embodiments,
the blades 110 are configured and connected to the
mounting structure or disc 106 to be moved independ-
ently of any motion or non-movement of any of the other
blades. For instance, the configuration and arrangement
allows the controller 300 to affect counter-clockwise ro-
tation, about its axis 117, of a first of the blades 110, at
a first speed, while adjacent blades 110 are kept from
rotating about their axes 117, rotated clockwise, or rotat-
ed counter-clockwise at a different speed, etc.
[0093] The blades 110 are in some embodiments also
configured and connected to the mounting structure or
disc 106 to be moved independently of any motion, non-
movement, or rotational position of the vertical main as-
sembly
[0094] The mapping code 309 can be arranged in any
manner connecting various inputs (e.g., vessel-captain
commands and water conditions) with pre-set corre-
sponding outputs (operational signals to system compo-
nents). The mapping code 309 is in one embodiment
arranged in an array format, such as a matrix, connecting
various conditions (e.g., inputs) to corresponding outputs
(e.g., component-specific control commands).
[0095] As a simple example of an output (e.g., control
command) corresponding in the map 309 to a base con-
dition (e.g., inputs), the input can include the controller
300 or the vessel operator issuing, while the vessel is
not creating, or not to be creating, thrust (e.g., gliding to
a dock), a command requesting or relating to a desire to
limit drag. The command can include or be related to a
request for power or energy savings. Output in this ex-
ample could include a command to the main drive 102
to stop (if not already stopped) and a command to one
or any combination including all blades 100 to align to a
present or desired vessel direction (i.e., so that main lat-
eral portions of the blade(s) are facing perpendicular to
the present or desired direction) so that the blades create
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limited drag as they are moving through the water 115
with the vessel 101. This may be an appropriate request,
and resulting command, for situations in which a vessel
(e.g., ferry) is approaching a stop at a slow speed suffi-
cient for the vessel to reach a destination (e.g., dock be-
ing approached) if drag is minimized. In this scenario,
power and energy (e.g., fuel) are saved.
[0096] As another power/energy-saving example, a
vessel operator, or the controller 300, can issue a com-
mand for power or energy saving vessel movement. The
movement can include starting vessel movement in any
desired direction - linear and/or turning. In the linear-
movement example, the cycloid system 100 can be used
to create linear vessel movement in any direction.
[0097] Because drag limits vessel movement, vessel
speed can be maintained or reached with less thrust if
drag is lowered. Thus, for energy saving mode, the vessel
speed can be increased simply by reducing drag, without
increasing rotation speed of the main axis (and so discs
106 and blades 110 in their collective rotation about the
axis 107). Reducing drag can be accomplished by con-
trolling each blade 110, independently, to at all times
have a position that limits drag under the circumstances,
such as to limit drag while also being moved to create
the existing thrust level.
[0098] While a control variable can include a rotational
position of the blade 110 about the main axis 107, the
system is in some embodiments, as mentioned also con-
figured so that each blade can be moved independently
of any motion, non-movement, or rotational position of
the vertical main assembly.
[0099] One or more of the blades may at times be
moved in the same manner, but generally each blade
would be controlled to move and be positioned differently
in this scenario. Such independent control is impossible
using conventional cycloidal systems in which operation
of each cycloid blade is linked to movement of the other
blades by complex mechanical gearing.
[0100] Blade adjustment can include controlling direc-
tion and rate of blade rotation about its axis 117.
[0101] Blade adjustment can instead or also include
controlling a pitch or tilt of the blade 110 - e.g., tilting the
blade and its axis 117, such as by moving a lower tip of
the blade outward, away from the main system axis 107.
[0102] Thrust created by a blade 110 can be increased
by adjusting or controlling any one or more of blade move-
ment or position about its axis 117, its movement or po-
sition about the main axis 107, and a tilt angle of the blade
(e.g., tilting the blade so a lower tip is moved away from
or toward the main system axis 107).
[0103] At the same time or separately, drag created by
a blade 110, moving through the water 115, can be re-
duced by adjusting or controlling any one or more of blade
movement or position about its axis 117, its movement
or position about the main axis 107, and a tilt angle of
the blade (e.g., tilting the blade so a lower tip is moved
away from or toward the main system axis 107).
[0104] In a contemplated embodiment, system 100 is

configured so that the blade 110 may be moved in its
entirety away from the main axis to accomplish desired
results (e.g., increasing thrust and/or reducing drag). The
disc 106 or structure connected thereto would in this case
be arranged to that each blade, or every blade together,
can be moved away from the main axis 107. The lower
tip of the blade 110 can be moved away from or toward
the main axis 107 by an equal amount that an upper tip
of the blade 110 is moved away from or toward the axis
107, so that the blade axis 117 angle is kept constant in
the motion. Or the blade axis 117 can angle can change
in the motion, such as by the lower tip 114 being moved
out more slowly than an upper tip of the blade 110.
[0105] Drag created by each blade 110 is reduced
when, e.g., each blade 110 is controlled to an optimum
rotational position (i.e., about its axis 107) vertical posi-
tion according to an absolute rotational position of the
main assembly relative to the intended thrust direction.
The reduction of drag can be achieved by modifying the
local blade rotational position as the main assembly ab-
solute position alters.
[0106] As a related energy-saving example, linear ves-
sel speed can be maintained while less power/energy is
used. Due to the drag characteristics mentioned above,
linear speed of the vessel 100 can be maintained while
one or more aspect of the system 100 can be slowed,
e.g., rotation of the main axis 104, simply by adjusting
the blades in real time to reduce drag.
[0107] The control map is configured to optimize the
drag reduction according to factors such as vessel direc-
tion, speed, and desired speed based on inputs such as
those from ship sensors including those sensing param-
eters including attitude in roll, pitch, and yaw. In some
implementations, a greatest drag reduction effect is gen-
erated as part of providing, by blade control, steering and
speed required. It will be appreciated that the blades pro-
viding thrust are not limited to providing thrust and steer-
ing functions - e.g., the blades moving in a forward direc-
tion, meaning returning towards the thrust provision po-
sition, can be used to provide direction thrust. This divi-
sion of duties means that the blades may be more or less
active during main assembly vertical axis positional
change. In some instances, such as when the vessel is
in deep water, or at full-away, the position of the vessel
will need correcting without reduction in thrust.
[0108] The term ’full-away’ refers to conditions, when
operating a ship, wherein the ship is clear of navigation
obstacles, and the propulsion system of the ship can be
operated to any desired power level desired - e.g., a level
to match a mission profile. On ferries, full-away can in-
volve the conditions allowing the ferry to operate at full
power. Full-away can also refer to such operation of the
ship (e.g., without limits, at full power, etc.). On liners,
full-away could include the liner operating according to
a schedule at a power level of between about 30 and
about 100% of full load depending on factors such as
distance between ports, weather, and so on. Full-away
can also refer to operation of the propulsion system under
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conditions will not change notably in substantive ways
during the voyage (e.g., during a full-away portion of the
voyage) until nearing shore or navigation obstacles.
[0109] The computer system 300 further comprises an
input/output (I/O) device 310, or communication inter-
face, such as a wireless transceiver and/or a wired com-
munication port. The processor 304, executing the in-
structions 308, receives input from any of a wide variety
of input sources 312 and provides output to any of a wide
variety of outputs 314.
[0110] Example input devices 312 include a tempera-
ture sensor (air, water, engine, motor, etc.), main-axis-
shaft rotation-speed sensor, blade-position sensor,
blade-rotation-speed sensor, other blade-position or
movement sensor, vessel-speed sensor, the controller
itself (providing, e.g., a command or other input by the
processor from one portion of instructions (e.g., map 309
or other code 308) to another (e.g., the map 309), system
power sensor or indicator, (by, e.g., a command of a ves-
sel operator or the controller 300 (FIG. 3)), wind-speed
sensor, water-depth sensor, vessel-heading or position
(e.g., GPS) sensor or indicator, data indicating a charac-
teristic (e.g., an intrinsic feature) or type of the vessel
101, a sensor or indicator expressing data about vessel
propulsion layout, data from a vessel-captain, etc.
[0111] Communications to/from the device 310 can be
in the form of signals, messages, or packetized data, for
example. The device 310 can include one or more trans-
ceivers, transmitters, and/or receivers. The device 310
can include wired and/or wireless interfaces for commu-
nicating with the input and output components 312, 314.

Figure 4 - Methods of Operation

[0112] FIG. 4 is a flow chart showing operations of a
method 400 performed by the present technology, ac-
cording to an embodiment of the present disclosure.
[0113] Operations, or steps, of the method 400 are not
necessarily presented in any particular order and that
performance of some or all the steps in an alternative
order is possible and is contemplated. The steps have
been presented in the demonstrated order for ease of
description and illustration. Steps can be added, omitted
and/or performed simultaneously without departing from
the scope of the appended claims.
[0114] The illustrated method 400 can be ended at any
time. In certain embodiments, some or all steps of this
process, and/or substantially equivalent steps are per-
formed by execution of computer-readable instructions,
such as the instructions 308 including the control map
309, stored or included on a computer readable medium,
such as the memory 302 of the controller 300.
[0115] The method 400 begins 401 and flow proceeds
to block 402, whereat the controller obtains a vessel-
kinematic, or motion or movement, command. Though
the command is termed a kinematic, or movement or
motion, command, and while the command can include
initiating a vessel motion different than a current motion,

the vessel-kinematic command can also be configured
to (i) maintain an existing vessel motion, such as a current
speed or direction, to (ii) stop the vehicle in any one or
more directions (angular or linear), or to (iii) maintain a
non-motion state.
[0116] The obtaining operation can include receiving
the command, being pushed to the processor 304. In one
implementation, the obtaining includes the processor
304 retrieving the command - e.g., requesting and re-
ceiving the command.
[0117] The command in some cases is generated by
the controller 300 - i.e., by the processor 304 executing
instructions 308. The command can be generated, e.g.,
in response to a determination by the controller 300 that
a vessel speed and/or direction change is needed, such
as to maintain a pre-set vessel course or to avoid an
obstacle.
[0118] The command can also be initiated by an order
of a vessel operator, such as from a vessel captain se-
lecting a hard or soft button indicating a power-saving or
energy-saving mode, moving a soft or hard control for
changing vessel direction, and/or moving a soft or hard
vessel control for changing vessel speed.
[0119] At step 404, the controller accesses and proc-
esses the control map 309. At step 406, the processor
304, executing the control map 309, obtains (e.g., re-
ceives or retrieves) input data to be used in processing
the control map 309. Some or all of the inputs may already
be present before or when the processor 304 accesses
the control map 309, and some or all of the inputs may
be retrieved by the processor 304 in response to deter-
mining the input(s) is/are needed in processing the con-
trol map.
[0120] The inputs may be received from any of a wide
variety of sources without departing from the scope of
the present technology. The inputs can be received from
the processor 304 executing certain aspects of the in-
structions, even of the control map 309. The inputs can
be received from other electronic components of the ves-
sel 100, such as any of the sensors described herein
(vessel-speed, vessel-attitude, vessel-location, blade-
rotation-speed, water-temperature, water-depth, etc.), or
the like.
[0121] The processor 304, executing the control map
309, determines (e.g., generates), based on the inputs
received, one or more ways to adjust or maintain oper-
ation of at least one vessel component. Block 408 rep-
resents an example by which the processor 304, execut-
ing the map 309, determines a command for controlling
(e.g., changing or maintaining) a rotational velocity of the
main axis 104.
[0122] Block 410 represents another example, by
which the controller, executing the map 309, determines
(e.g., generates) one or more commands for controlling
(e.g., changing or maintaining) a position and/or rotation-
al velocity (about blade axis 117) of a blade 110. The
step 410 is in some implementations performed sepa-
rately for each blade 110. The separate performance can
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be made substantially simultaneously.
[0123] In some implementations, while each blade 110
is controlled independently, as mentioned, the controller
determines the one or more commands for controlling
position or rotational velocity of more than one blade at
generally the same time.
[0124] At block 412, the main-axis command deter-
mined (indicating, e.g., an instruction to increase main-
axis speed by 2 revs/min.) is provided to the main-axis
driver 102 for maintaining or changing a rotational char-
acteristic of the main shaft 104.
[0125] At block 414, the blade command determined
(e.g., indicating an instruction to increase blade rotation
about the blade axis 117) is provided to a blade actuator
108 (e.g., independent electric motor) for maintaining or
changing a positional and/or movement characteristic
(e.g., increasing blade rotation) for the blade 110.
[0126] As with previous step 410, the present operation
414 is in some implementations performed separately
for each blade 110. The separate performance can be
made substantially simultaneously. In some implemen-
tations, while each blade 110 is controlled independently,
via its respective actuator (e.g., independent electric mo-
tor), as mentioned, the processor 304 can generate com-
mands for controlling position or rotational velocity of
more than one blade at generally the same time, and
commands for various blades can be related. As men-
tioned, for instance, actuators 108 can be controlled to
move their respective blades 110 according to some re-
lationships - e.g., each blade is controlled to be positioned
20 degrees further in its rotation, about its blade axis 117,
than a preceding adjacent blade 110 of the blades 110
on the disc 106.
[0127] At operation 416, the controller determines
whether a new vessel-kinematic command (VKC) is
present. In some embodiments, the operation 416 in-
cludes a passive function of receiving, or not receiving,
a new VKC. As provided, while the command (VKC) is
termed a kinematic, or movement or motion, command,
and while the command can include initiating a vessel
motion different than a current motion, the vessel-kine-
matic command can also be configured to (i) maintain an
existing vessel motion, such as a current speed or direc-
tion, to (ii) stop the vehicle in any one or more directions
(angular or linear), or to (iii) maintain a non-motion state.
[0128] If there is no new VKC, flow proceeds along
return route 417 to steps 404 et seq., such as for any
further processing and any new output determinations
that need to be made or provided in order to maintain,
reach, or get closer to reaching a desired vessel state.
Such subsequent iterations of the method 400 can in-
clude obtaining new (e.g., different) and/or updated sen-
sor data at block 406.
[0129] In response to a new VKC, such as from the
controller or vessel electronics triggered by a vessel op-
erator, at block 418, the new VKC is accepted, stored in
cache or other memory as a current VKC, or otherwise
processed by the processor 304 to give effect to the new

VKC.
[0130] Following receiving the new VKC, flow pro-
ceeds along return route 419 to steps 404 et seq., such
as for any further processing and any new output deter-
minations that need to be made or provided in order to
maintain, reach, or get closer to reaching a desired vessel
state. As shown by the figures, such subsequent itera-
tions of the method 400 can include obtaining new (e.g.,
different) and/or updated sensor data at block 406.
[0131] The process 400 can be repeated, such as to
effect one or more VKCs over time. The process 400 can
be ended 421, such as by turning the controller 300 or
the system 100 off, or a vessel operator selecting an off
or sleep-mode.

Benefits and Advantages

[0132] This section elaborates on benefits of the
present technology described above. Benefits are
achieved by the controls described herein. The control
features include controlling any or all of individual-blade
position, individual-blade motion, main-axis-shaft posi-
tion, and main-axis-shaft motion.
[0133] These controls can be achieved using, e.g., in-
dividually-controllable blades, electric-motor blade actu-
ators, and a direct-drive (e.g., electric motor) for main-
shaft control.
[0134] One of the primary advantages of the present
technology is an ability to lower power and energy used
by a marine cycloidal-propulsion system. As mentioned,
noise (e.g., underwater noise and/or noise passed to the
air) can also be reduced, as well as vibrations through
the water, vessel, etc. The savings result in more-efficient
fuel consumption, lowered fuel cost (capital cost of op-
eration), lower emissions, and extended ship range on
the same amount of fuel.
[0135] Technical advantages of the present technolo-
gy include an ability to achieve greater speeds, including
greater speeds at an equivalent power expenditure, by
reducing drag.
[0136] Another technical advantage includes im-
proved vessel maneuverability. Improved vessel maneu-
verability is achievable by the ability to control each blade
110 individually in real time.
[0137] Another benefit of the technology is a greater
flexibility in designing vessels. The flexibility results from
the greater maneuverability and speeds achievable by
vessels incorporating the present technology. As a result,
the vessel can be designed in previously unachievable
ways without sacrificing maneuverability or speed.
[0138] The flexibility can also result from an ability to
use any of a variety of drives, such one or more diesel
and/or electric motors to control the main drive shaft, and
a distinct controllable electric motor for each of the plu-
rality of cycloidal propeller blades.

17 18 



EP 2 944 556 B1

11

5

10

15

20

25

30

35

40

45

50

55

Conclusion

[0139] Alternative embodiments, examples, and mod-
ifications that would still be encompassed by the tech-
nology may be made by those skilled in the art, particu-
larly in light of the foregoing teachings. Further, it should
be understood that the terminology used to describe the
technology is intended to be in the nature of words of
description rather than of limitation.
[0140] Those skilled in the art will also appreciate that
various adaptations and modifications of the preferred
and alternative embodiments described above can be
configured without departing from the scope and spirit of
the technology. Therefore, it is to be understood that,
within the scope of the appended claims, the technology
may be practiced other than as specifically described
herein.

Claims

1. A cycloidal marine-propulsion system (100), com-
prising:

a blade-mounting disc (106), in use rotatable
with respect a main system axis (107);
a plurality of propeller blades (110A-E), each
having a respective primary blade axis (117) and
being connected to the disc (106) in a manner
allowing a blade (110) of said plurality of propel-
ler blades (110A-E) to be rotated about its pri-
mary blade axis (117) independent of any about-
axis rotation of every other one of the propeller
blades (110) of said plurality of propeller blades
(110A-E);
a plurality of electric actuators (108A-E), each
actuator (108) being connected to a respective
one of the propeller blades (110); and
a controller (300) in communication selectively
with each of the electric actuators (108) for con-
trolling each of the actuators (108);
characterized in that each of the plurality of
propeller blades (110A-E) is connected to the
disc (106) in a manner allowing the propeller
blade (110) to tilt independent of any tilting of
every other one of the propeller blades (110)
and/or allowing the primary blade axis (117) of
the propeller blade (110) to move toward or
away from a main system axis (107) independ-
ent of any movement of the primary blade axis
of every other one of the propeller blades (110)
toward or away from the main system axis (107).

2. A cycloidal marine-propulsion system (100) accord-
ing to claim 1, wherein the controller (300) includes
computer-executable instructions, comprising a
control map, that, when executed by a processor of
the controller, cause the processor to control sepa-

rately each of the electric actuators (108) according
to the control map, wherein the control map option-
ally includes code that, when executed by the proc-
essor, produces output, used in controlling separate-
ly each of the electric actuators (108), based on at
least one data input selected a group consisting of:

on-blade sensor data;
adjacent-blade-angle-sensor data;
main-assembly-angle-sensor data;
present system-power data;
available-system-power data;
present vessel-speed data;
requested-vessel-speed data;
wind-speed data;
ambient-water-temperature data;
present-vessel-heading data;
requested-vessel-heading data;
present-vessel position data;
requested-vessel-position data;
water-depth data;
water-current data;
vessel-type data;
propulsion-layout data;
vessel-captain command; and
controller auto-generated command.

3. A cycloidal marine-propulsion system (100) accord-
ing to claim 2, further comprising:

a primary vertical-axis drive shaft (104) connect-
ed to the lower disc (106); and
a primary-axis drive (102) connected to the drive
shaft (104) for turning the shaft and, thereby,
turning the lower disc (106);
wherein the computer-executable instructions,
comprising the control map, when executed by
the processor, cause the processor to control
operation of the primary-axis drive (102) accord-
ing to the control map; or
wherein the controller (300) is in communication
with the primary-axis drive (102) for controlling
the drive according to the control map.

4. A cycloidal marine-propulsion system (100) accord-
ing to claim 1 or claim 2, further comprising:

a primary vertical-axis drive shaft (104) connect-
ed to the lower disc (106); and
a primary-axis drive (102) connected to the drive
shaft (104) for turning the shaft and, thereby,
turning the lower disc (106);
wherein the primary-axis drive (102) includes an
electric motor connected directly to the primary
vertical-axis drive shaft (104).

5. A cycloidal marine-propulsion system (100) accord-
ing to any preceding claim, wherein the controller
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(300) includes computer-executable instructions,
comprising a control map, that, when executed by a
processor of the controller, cause the processor to
control separately each of the electric actuators
(108), to control blade tilt independently, according
to the control map.

6. A cycloidal marine-propulsion system (100) accord-
ing to claim 1 or claim 2, further comprising:

a primary vertical-axis drive shaft (104) connect-
ed to the lower disc (106);
wherein each of the plurality of propeller blades
(110A-E) is connected to the disc (106) in a man-
ner allowing the blade (110) to be rotated about
its primary blade axis (117) independent of any
about-axis rotation, non-rotation, and position of
the primary vertical-axis drive shaft (104).

7. A method, for controlling a cycloidal-machine-pro-
pulsion system (100) being used in a marine vessel,
the method comprising the steps of:

obtaining, by a processor of a controller (300),
a vessel-kinematic command;
accessing, by the processor, a control map;
obtaining, by the processor, input data indicative
of at least one present condition associated with
the vessel;
determining, using the vessel-kinematic com-
mand, the control map, and the input data, dis-
tinct blade-control commands for controlling in-
dependently each of multiple cycloidal propeller
blades (110A-E), wherein the blade-control
commands request a change of position of a cy-
cloidal propeller blade toward or away from a
main system axis (107) and/or a tilting of the
cycloidal propeller blade (110); and
transmitting the blade-control commands to
multiple actuators (108A-E) connected to re-
spective ones of the cycloidal propeller blades
(110A-E).

8. A method according to claim 7, wherein the vessel-
kinematic command indicates a request to stop the
vessel, maintain a present motion characteristic of
the vessel, or to maintain a present non-motion char-
acteristic of the vessel.

9. A method according to claim 7, wherein:

the vessel-kinematic command is a previous
vessel-kinematic command; and
the method further comprises determining
whether a new vessel-kinematic command is
present, and acting on the new vessel-kinematic
command if present.

10. A method according to any of claims 7 to 9, further
comprising the steps of:

determining, using the vessel-kinematic com-
mand, the control map, and input data, a main-
axis-drive-control command for controlling a
main-axis drive (102) of the system (100); and
transmitting the main-axis-drive-control com-
mands to the main-axis drive (102).

11. A method according to any of claims 7 to 10, wherein
the blade-control commands further requests a
change to a blade rotation about a blade-axis (117).

12. A method according to any of claims 7 to 11, wherein:

the vessel includes a primary vertical-axis drive
shaft (104);
each of the plurality of propeller blades (110A-
E) is connected to the disc (106) in a manner
allowing the blade (110) to be rotated about its
primary blade axis (117) independent of any
about-axis rotation, non-rotation, and position of
the primary vertical-axis drive shaft (104); and
wherein the step of:
determining, using the vessel-kinematic com-
mand, the control map, and the input data, dis-
tinct blade-control commands for controlling in-
dependently each of multiple cycloidal propeller
blades (110A-E), includes determining blade-
control commands for controlling the blades
(110A-E) wherein each blade (110) is not limited
mechanically to only one blade position based
on about-axis rotational movement, non-move-
ment, and position of the primary drive shaft
(104).

13. A method, for controlling a cycloidal-machine-pro-
pulsion system (100) being used in a marine vessel,
the method comprising the steps of:

accessing, by a processor, a control map;
obtaining, by the processor, input data indicative
of at least one present condition associated with
the vessel;
determining, using the control map and the input
data, distinct blade-control commands for con-
trolling independently each of multiple cycloidal
propeller blades (110A-E), wherein the blade-
control commands request a change of position
of a cycloidal propeller blade toward or away
from a main system axis (107) and/or a tilting of
the cycloidal propeller blade (110); and
transmitting the blade-control commands to
multiple actuators (108A-108E) connected to re-
spective ones of the cycloidal propeller blades
(110A-E).
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14. A method according to claim 13, further comprising
the steps of:

determining, using the control map and the input
data, a main-axis-drive-control command for
controlling a main-axis drive (102) of the system
(100); and
transmitting the main-axis-drive-control com-
mands to the main-axis drive (102).

15. A method according to claim 13 or claim 14, wherein:

the vessel includes a primary vertical-axis drive
shaft (104);
each of the plurality of propeller blades (110A-
E) is connected to the disc (106) in a manner
allowing the blade (110) to be rotated about its
primary blade axis (117) independent of any
about-axis rotation, non-rotation, and position of
the primary vertical-axis drive shaft (104); and
wherein the step of:
determining, using the vessel-kinematic com-
mand, the control map, and the input data, dis-
tinct blade-control commands for controlling in-
dependently each of multiple cycloidal propeller
blades, includes determining blade-control
commands for controlling the blades (110A-E)
wherein each blade (110) is not limited mechan-
ically to only one blade position based on about-
axis rotational movement, non-movement, and
position of the primary drive shaft (104).

Patentansprüche

1. Zykloidisches Wasserfahrzeugantriebssystem
(100), das aufweist:

eine Blattmontagescheibe (106), die im Einsatz
in Bezug auf eine Hauptsystemachse (107)
drehbar ist;
mehrere Propellerblätter (110A-E), die jeweils
eine jeweilige primäre Blattachse (117) aufwei-
sen und mit der Scheibe (106) in einer Weise
verbunden sind, die einem Blatt (110) der meh-
reren Propellerblätter (110A-E) ermöglicht, um
dessen primäre Blattachse (117) unabhängig
von irgendeiner Drehung um eine Achse jedes
anderen einzelnen der Propellerblätter (110) der
mehreren Propellerblätter (110A-E) gedreht zu
werden;
mehrere elektrische Aktuatoren (108A-E), wo-
bei jeder Aktuator (108) mit einem jeweiligen
einzelnen der Propellerblätter (110) verbunden
ist; und
eine Steuereinrichtung (300) in wahlweiser
Kommunikation mit jedem der elektrischen Ak-
tuatoren (108) zur Steuerung jedes der Aktua-

toren (108);
dadurch gekennzeichnet, dass jedes der
mehreren Propellerblätter (110A-E) mit der
Scheibe (106) in einer Weise verbunden ist, die
dem Propellerblatt (110) ermöglicht, sich unab-
hängig von irgendeiner Neigung jedes anderen
einzelnen der Propellerblätter (110) zu neigen,
und/oder der primären Blattachse (117) des
Propellerblattes (110) ermöglicht, sich unab-
hängig von irgendeiner Bewegung der primären
Blattachse jedes anderen einzelnen der Propel-
lerblätter (110) zu der Hauptsystemachse (107)
hin oder von dieser weg zu einer Hauptsystem-
achse (107) hin oder von dieser weg zu bewe-
gen.

2. Zykloidisches Wasserfahrzeugantriebssystem
(100) nach Anspruch 1, wobei die Steuereinrichtung
(300) Computer ausführbare Instruktionen, die eine
Steuerkarte aufweisen, enthält, die, wenn sie durch
einen Prozessor der Steuereinrichtung ausgeführt
werden, den Prozessor veranlassen, jeden der elek-
trischen Aktuatoren (108) entsprechend der Steuer-
karte gesondert zu steuern, wobei die Steuerkarte
optional einen Code enthält, der, wenn er durch den
Prozessor ausgeführt wird, eine Ausgabe erzeugt,
die bei der gesonderten Steuerung jedes der elek-
trischen Aktuatoren (108) basierend auf wenigstens
Dateneingabe verwendet wird, die aus einer Gruppe
ausgewählt ist, die besteht aus:

Auf-dem-Blatt-Sensordaten;
Neben-dem-Blatt-Winkelsensordaten;
Hauptbaugruppe-Winkelsensordaten;
momentane Systemleistungsdaten;
verfügbare Systemleistungsdaten;
momentane Wasserfahrzeug-Geschwindig-
keitsdaten;
angeforderte Wasserfahrzeug-Geschwindig-
keitsdaten;
Windgeschwindigkeitsdaten;
Umgebungswassertemperaturdaten;
momentane Wasserfahrzeug-Steuerkursdaten;
angeforderte Wasserfahrzeug-Steuerkursda-
ten;
momentane Wasserfahrzeug-Positionsdaten;
angeforderte Wasserfahrzeug-Positionsdaten;
Wassertiefendaten;
Wasserströmungsdaten;
Wasserfahrzeugtypdaten;
Antriebslayoutdaten;
Wasserfahrzeug-Kapitänsbefehl; und
von der Steuereinrichtung selbst generierter Be-
fehl.

3. Zykloidisches Wasserfahrzeugantriebssystem
(100) nach Anspruch 2, das ferner aufweist:

23 24 



EP 2 944 556 B1

14

5

10

15

20

25

30

35

40

45

50

55

eine primäre Vertikalachsen-Antriebswelle
(104), die mit der unteren Scheibe (106) verbun-
den ist; und
einen Primärachsenantrieb (102), der mit der
Antriebswelle (104) verbunden ist, um die Welle
zu drehen und dadurch die untere Scheibe (106)
zu drehen;
wobei die Computer ausführbaren Instruktio-
nen, die die Steuerkarte aufweisen, wenn sie
durch den Prozessor ausgeführt werden, den
Prozessor veranlassen, einen Betrieb des Pri-
märachsenantriebs (102) entsprechend der
Steuerkarte zu steuern; oder
wobei die Steuereinrichtung (300) mit dem Pri-
märachsenantrieb (102) in Kommunikationsver-
bindung steht, um den Antrieb entsprechend der
Steuerkarte zu steuern.

4. Zykloidisches Wasserfahrzeugantriebssystem
(100) nach Anspruch 1 oder Anspruch 2, das ferner
aufweist:

eine primäre Vertikalachsen-Antriebswelle
(104), die mit der unteren Scheibe (106) verbun-
den ist; und
einen Primärachsenantrieb (102), der mit der
Antriebswelle (104) verbunden ist, um die Welle
zu drehen und dadurch die untere Scheibe (106)
zu drehen;
wobei der Primärachsenantrieb (102) einen
Elektromotor enthält, der mit der primären Ver-
tikalachsen-Antriebswelle (104) direkt verbun-
den ist.

5. Zykloidisches Wasserfahrzeugantriebssystem
(100) nach einem beliebigen vorhergehenden An-
spruch, wobei die Steuereinrichtung (300) eine Steu-
erkarte aufweisende Computer ausführbare Instruk-
tionen enthält, die, wenn sie durch einen Prozessor
der Steuereinrichtung ausgeführt werden, den Pro-
zessor veranlassen, jeden der elektrischen Aktuato-
ren (108) gesondert zu steuern, um eine Blattnei-
gung entsprechend der Steuerkarte unabhängig zu
steuern.

6. Zykloidisches Wasserfahrzeugantriebssystem
(100) nach Anspruch 1 oder Anspruch 2, das ferner
aufweist:

eine primäre Vertikalachsen-Antriebswelle
(104), die mit der unteren Scheibe (106) verbun-
den ist;
wobei jedes der mehreren Propellerblätter
(110A-E) mit der Scheibe in einer Weise ver-
bunden ist, die dem Blatt (110) ermöglicht, um
dessen primäre Blattachse (117) unabhängig
von irgendeiner Drehung um eine Achse, Nicht-
drehung und Position der primären Vertikalach-

sen-Antriebswelle (104) gedreht zu werden.

7. Verfahren zur Steuerung eines zykloidischen Ma-
schinenantriebssystems (100), das in einem Was-
serfahrzeug verwendet wird, wobei das Verfahren
die Schritte aufweist:

Erhalten eines kinematischen Befehls für das
Wasserfahrzeug durch einen Prozessor einer
Steuereinrichtung (300) ;
Zugreifen auf eine Steuerkarte durch den Pro-
zessor;
Erhalten von Eingangsdaten, die wenigstens ei-
nen momentanen Zustand im Zusammenhang
mit dem Wasserfahrzeug kennzeichnen, durch
den Prozessor;
Bestimmen unterschiedlicher Blattsteuerbefeh-
le zur unabhängigen Steuerung jedes der meh-
reren zykloidischen Propellerblätter (110A-E)
unter Verwendung des kinematischen Befehls
für das Fahrzeug, der Steuerkarte und der Ein-
gangsdaten, wobei die Blattsteuerbefehle eine
Positionsänderung eines zykloidischen Propel-
lerblattes zu einer Hauptsystemachse (107) hin
oder von dieser weg und/oder eine Neigung des
zykloidischen Propellerblattes (110) anfordern;
und
Übertragen der Blattsteuerbefehle zu mehreren
Aktuatoren (108A-E), die mit jeweiligen einzel-
nen der zykloidischen Propellerblätter (110A-E)
verbunden sind.

8. Verfahren nach Anspruch 7, wobei der kinematische
Befehl für das Wasserfahrzeug eine Anforderung
zum Anhalten des Wasserfahrzeugs, zur Aufrecht-
erhaltung einer momentanen Bewegungscharakte-
ristik des Wasserfahrzeugs oder zur Aufrechterhal-
tung einer momentanen Nichtbewegungscharakte-
ristik des Wasserfahrzeugs anzeigt.

9. Verfahren nach Anspruch 7, wobei:

der kinematische Befehl für das Wasserfahr-
zeug ein vorheriger kinematischer Befehl für das
Wasserfahrzeug ist; und
das Verfahren ferner ein Feststellen, ob ein neu-
er kinematischer Befehl für das Wasserfahrzeug
vorhanden ist, und Handeln nach dem neuen
kinematischen Befehl für das Wasserfahrzeug,
falls dieser vorhanden ist, aufweist.

10. Verfahren nach einem beliebigen der Ansprüche 7
bis 9, das ferner die Schritte aufweist:

Bestimmen eines Hauptachsenantrieb-Steuer-
befehls zur Steuerung eines Hauptachsenan-
triebs (102) des Systems (100) unter Verwen-
dung des kinematischen Befehls für das Was-
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serfahrzeug, der Steuerkarte und der Eingangs-
daten; und
Übertragen der Hauptachsenantrieb-Steuerbe-
fehle zu dem Hauptachsenantrieb (102).

11. Verfahren nach einem beliebigen der Ansprüche 7
bis 10, wobei die Blattsteuerbefehle ferner eine Ver-
änderung an einer Blattdrehung um eine Blattachse
(117) anfordern.

12. Verfahren nach einem beliebigen der Ansprüche 7
bis 11, wobei:

das Wasserfahrzeug eine primäre Vertikalach-
sen-Antriebswelle (104) enthält;
jedes der mehreren Propellerblätter (110A-E)
mit der Scheibe (106) in einer Weise verbunden
ist, die dem Blatt (110) ermöglicht, um dessen
primäre Blattachse (117) unabhängig von ir-
gendeiner Drehung um eine Achse, Nichtdre-
hung und Position der primären Vertikalachsen-
Antriebswelle (104) gedreht zu werden; und wo-
rin der Schritt:
Bestimmen unterschiedlicher Blattsteuerbefeh-
le zur unabhängigen Steuerung jedes der meh-
reren zykloidischen Propellerblätter (110A-E)
unter Verwendung des kinematischen Befehls
für das Wasserfahrzeug, der Steuerkarte und
der Eingangsdaten ein Bestimmen von Blatt-
steuerbefehlen zur Steuerung der Blätter (110A-
E) aufweist, wobei jedes Blatt (110) nicht auf
lediglich eine einzige Blattposition basierend auf
einer Drehbewegung um eine Achse, einer
Nichtbewegung und einer Position der primären
Antriebswelle (104) mechanisch begrenzt ist.

13. Verfahren zur Steuerung eines zykloidischen Ma-
schinenantriebssystems (100), das in einem Was-
serfahrzeug verwendet wird, wobei das Verfahren
die Schritte aufweist:

Zugreifen auf eine Steuerkarte durch einen Pro-
zessor;
Erhalten von Eingangsdaten, die wenigstens ei-
nen momentanen Zustand im Zusammenhang
mit dem Wasserfahrzeug kennzeichnen, durch
den Prozessor;
Bestimmen unterschiedlicher Blattsteuerbefeh-
le zur unabhängigen Steuerung jedes von meh-
reren zykloidischen Propellerblätter (110A-E)
unter Verwendung der Steuerkarte und der Ein-
gangsdaten, wobei die Blattsteuerbefehle eine
Positionsänderung eines zykloidischen Propel-
lerblattes zu einer Hauptsystemachse (107) hin
oder von dieser weg und/oder eine Neigung des
zykloidischen Propellerblattes (110) anfordern;
und
Übertragen der Blattsteuerbefehle zu mehreren

Aktuatoren (108A-108E), die mit jeweiligen ein-
zelnen der zykloidischen Propellerblätter
(110A-E) verbunden sind.

14. Verfahren nach Anspruch 13, das ferner die Schritte
aufweist:

Bestimmen eines Hauptachsenantrieb-Steuer-
befehls zur Steuerung eines Hauptachsenan-
triebs (102) des Systems (100) unter Verwen-
dung der Steuerkarte und der Eingangsdaten;
und
Übertragen der Hauptachsenantrieb-Steuerbe-
fehle zu dem Hauptachsenantrieb (102).

15. Verfahren nach Anspruch 13 oder Anspruch 14, wo-
bei:

das Wasserfahrzeug eine primäre Vertikalach-
sen-Antriebswelle (104) enthält;
jedes der mehreren Propellerblätter (110A-E)
mit der Scheibe (106) in einer Weise verbunden
ist, die dem Blatt (110) ermöglicht, um dessen
primäre Blattachse (117) unabhängig von ir-
gendeiner Drehung um eine Achse, Nichtdre-
hung und Position der primären Vertikalachsen-
Antriebswelle (104) gedreht zu werden; und wo-
rin der Schritt:
Bestimmen unterschiedlicher Blattsteuerbefeh-
le zur unabhängigen Steuerung jedes der meh-
reren zykloidischen Propellerblätter (110A-E)
unter Verwendung des kinematischen Befehls
für das Wasserfahrzeug, der Steuerkarte und
der Eingangsdaten ein Bestimmen von Blatt-
steuerbefehlen zur Steuerung der Blätter (110A-
E) aufweist, wobei jedes Blatt (110) nicht auf
lediglich eine einzige Blattposition basierend auf
einer Drehbewegung um eine Achse, einer
Nichtbewegung und einer Position der primären
Antriebswelle (104) mechanisch begrenzt ist.

Revendications

1. Système de propulsion marine cycloïdal (100),
comprenant :

une pluralité de pales d’hélice (110A-F) présen-
tant chacune un axe de pale primaire (117) res-
pectif et étant reliées au disque (106) d’une ma-
nière permettant à une pale (110) de ladite plu-
ralité de pales d’hélice (110A-E) d’être mise en
rotation autour de son axe de pale primaire
(117), indépendamment de toute rotation autour
de l’axe de chacune des autres pales d’hélice
(110) de ladite pluralité de pales d’hélice (110A-
E) ;
une pluralité d’actionneurs électriques (108A-
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E), chaque actionneur (108) étant relié à une
pale respective des pales d’hélice (110) ; et
un dispositif de commande (300) en communi-
cation, de façon sélective, avec chacun des ac-
tionneurs électriques (108) pour commander
chacun des actionneurs (108) ;
caractérisé en ce que chaque pale de la plu-
ralité de pales d’hélice (110A-E) est reliée au
disque (106) d’une manière permettant à la pale
d’hélice (110) de s’incliner indépendamment de
toute inclinaison de n’importe quelle autre des
pales d’hélice (110) et/ou permettant à l’axe de
pale primaire (117) de la pale d’hélice (110) de
se déplacer en direction d’un axe de système
principal (107) ou dans la direction opposée, in-
dépendamment de tout mouvement de l’axe de
pale primaire de n’importe quelle autre pale des
pales d’hélice (110) en direction de l’axe de sys-
tème principal (107) ou dans la direction oppo-
sée.

2. Système de propulsion marine cycloïdal (100) selon
la revendication 1, dans lequel le dispositif de com-
mande (300) comporte des instructions exécutables
par un ordinateur, comprenant un plan de comman-
de, qui, lorsqu’elles sont exécutées par un proces-
seur du dispositif de commande, font en sorte que
le processeur commande séparément chacun des
actionneurs électriques (108), conformément au
plan de commande, le plan de commande compre-
nant de manière facultative un code qui, lorsqu’il est
exécuté par le processeur, produit des données de
sortie utilisées pour commander séparément chacun
des actionneurs électriques (108), sur la base d’au
moins une entrée de données sélectionnée dans un
groupe comprenant :

des données de capteur sur pale ;
des données de capteur d’angle proche de
pale ;
des données de capteur d’angle d’assemblage
principal ;
des données de puissance de système
actuelle ;
des données de puissance de système
disponible ;
des données de vitesse de navire actuelle ;
des données de vitesse de navire requise ;
des données de vitesse du vent ;
des données de température ambiante de
l’eau ;
des données de cap de navire actuel ;
des données de cap de navire requis ;
des données de position de navire actuelle ;
des données de position de navire requise ;
des données de profondeur d’eau ;
des données de courants d’eau ;
des données de type de navire ;

des données de schéma de propulsion ;
des ordres du capitaine du navire ; et
des ordres générés automatiquement par le dis-
positif de commande.

3. Système de propulsion marine cycloïdal (100) selon
la revendication 2, comprenant en outre :

un arbre d’entraînement d’axe vertical primaire
(104) relié au disque inférieur (106) ; et
un entraînement d’axe primaire (102) relié à l’ar-
bre d’entraînement (104) pour faire tourner l’ar-
bre et, de ce fait, faire tourner le disque inférieur
(106) ;
dans lequel les instructions exécutables par un
ordinateur, comprenant le plan de commande,
lorsqu’elles sont exécutées par le processeur,
font en sorte que le processeur commande le
fonctionnement de l’entraînement d’axe primai-
re (102) conformément au plan de commande ;
ou
dans lequel le dispositif de commande (300) est
en communication avec l’entraînement d’axe
primaire (102) pour commander l’entraînement
en fonction du plan de commande.

4. Système de propulsion marine cycloïdal (100) selon
la revendication 2, comprenant en outre :

un arbre d’entraînement d’axe vertical primaire
(104) relié au disque inférieur (106) ; et
un entraînement d’axe primaire (102) relié à l’ar-
bre d’entraînement (104) pour faire tourner l’ar-
bre et, de ce fait, faire tourner le disque inférieur
(106) ;
dans lequel l’entraînement d’axe primaire (102)
comporte un moteur électrique relié directement
à l’arbre d’entraînement d’axe vertical primaire
(104).

5. Système de propulsion marine cycloïdal (100) selon
l’une quelconque des revendications précédentes,
dans lequel le dispositif de commande (300) com-
prend des instructions exécutables par un ordina-
teur, englobant un plan de commande, qui, lorsqu’el-
les sont exécutées par un processeur du dispositif
de commande, font en sorte que le processeur com-
mande séparément chacun des actionneurs électri-
ques (108) pour commander de façon indépendante
l’inclinaison des pales, conformément au plan de
commande.

6. Système de propulsion marine cycloïdal (100) selon
la revendication 1 ou 2, comprenant en outre :

un arbre d’entraînement d’axe vertical primaire
(104) relié au disque inférieur (106) ;
dans lequel chacune des pales d’hélice (110A-
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E) est reliée au disque (106) d’une manière per-
mettant à la pale (110) d’être mise en rotation
autour de son axe de pale primaire (117), indé-
pendamment de toute rotation autour de l’axe,
de non rotation et de position de l’arbre d’entraî-
nement d’axe vertical primaire (104).

7. Procédé de commande d’un système de propulsion
à machine cycloïdale (100) qui est utilisé dans un
navire de transport maritime, le procédé comprenant
les étapes suivantes :

obtention, par un processeur d’un dispositif de
commande (300), d’un ordre de cinématique de
navire ;
accès, par le processeur, à un plan de
commande ;
obtention, par le processeur, de données d’en-
trée indiquant au moins un état actuel associé
au navire ;
détermination, en utilisant l’ordre de cinémati-
que de navire, le plan de commande et les don-
nées d’entrée, d’ordres de commande de pale
distincts pour commander de façon indépen-
dante chacune des pales d’hélice (110A-E) cy-
cloïdales multiples, sachant que les ordres de
commande de pale demandent un changement
de position d’une pale d’hélice cycloïdale, en di-
rection d’un axe de système principal (107) ou
dans la direction opposée, et/ou l’inclinaison de
la pale d’hélice (110) cycloïdale ; et
transmission des ordres de commande de pale
à des actionneurs (108A-E) multiples, reliés à
des pales respectives des pales d’hélice (110A-
E) cycloïdales.

8. Procédé selon la revendication 7, selon lequel l’ordre
de cinématique de navire indique une demande pour
arrêter le navire, maintenir une caractéristique ac-
tuelle de mouvement du navire ou maintenir une ca-
ractéristique actuelle de non mouvement du navire.

9. Procédé selon la revendication 7, selon lequel
l’ordre de cinématique de navire est un ordre précé-
dent de cinématique de navire ; et
le procédé comprend en outre la détermination pour
savoir si un nouvel ordre de cinématique de navire
est présent, et le fait d’agir suite au nouvel ordre de
cinématique de navire, s’il est présent.

10. Procédé selon l’une quelconque des revendications
7 à 9, comprenant en outre les étapes suivantes :

détermination, en utilisant l’ordre de cinémati-
que de navire, le plan de commande et les don-
nées d’entrée, d’un ordre de commande d’en-
traînement d’axe principal pour commander un
entraînement d’axe principal (102) du système

(100) ; et
transmission des ordres de commande d’entraî-
nement d’axe principal à l’entraînement d’axe
principal (102).

11. Procédé selon l’une quelconque des revendications
7 à 10, selon lequel les ordres de commande de pale
demandent en outre un changement d’une rotation
de pale autour d’un axe de pale (117).

12. Procédé selon l’une quelconque des revendications
7 à 11, selon lequel :

le navire comprend un arbre d’entraînement
d’axe vertical primaire (104) ;
chaque pale de la pluralité de pales d’hélice
(110A-E) est reliée au disque (106) d’une ma-
nière permettant à la pale (110) d’être mise en
rotation autour de son axe de pale primaire
(117), indépendamment de toute rotation autour
de l’axe, de non rotation et de position de l’arbre
d’entraînement d’axe vertical primaire (104) ; et
selon lequel l’étape de :
détermination, utilisant l’ordre de cinématique
de navire, le plan de commande et les données
d’entrée, d’ordres de commande de pale dis-
tincts pour commander de façon indépendante
chacune des pales d’hélice (110A-E) cycloïda-
les multiples, comprend la détermination d’or-
dres de commande de pale pour commander
les pales (110A-E), sachant que chaque pale
(110) n’est pas limitée mécaniquement à une
seule position de pale basée sur un mouvement
de rotation autour d’un axe, un non mouvement
et la position de l’arbre d’entraînement primaire
(104).

13. Procédé de commande d’un système de propulsion
à machine cycloïdale (100) qui est utilisé dans un
navire de transport maritime, le procédé comprenant
les étapes suivantes :

accès, par un processeur, à un plan de
commande ;
obtention, par le processeur, de données d’en-
trée indiquant au moins un état actuel associé
au navire ;
détermination, en utilisant le plan de commande
et les données d’entrée, d’ordres de commande
de pale distincts pour commander de façon in-
dépendante chacune des pales d’hélice (110A-
E) cycloïdales multiples, sachant que les ordres
de commande de pale demandent un change-
ment de position d’une pale d’hélice cycloïdale,
en direction d’un axe de système principal (107)
ou dans la direction opposée, et/ou une inclinai-
son de la pale d’hélice (110) cycloïdale ; et
transmission des ordres de commande de pale
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à des actionneurs (108A-108E) multiples, reliés
à des pales respectives des pales d’hélice
(110A-E) cycloïdales.

14. Procédé selon la revendication 13, comprenant en
outre les étapes suivantes :

détermination, en utilisant le plan de commande
et les données d’entrée, d’un ordre de comman-
de d’entraînement d’axe principal pour com-
mander un entraînement d’axe principal (102)
du système (100) ; et
transmission des ordres de commande d’entraî-
nement d’axe principal à l’entraînement d’axe
principal (102).

15. Procédé selon la revendication 13 ou la revendica-
tion 14, selon lequel :

le navire comprend un arbre d’entraînement
d’axe vertical primaire (104) ;
chaque pale de la pluralité de pales d’hélice
(110A-E) est reliée au disque (106) d’une ma-
nière permettant à la pale d’hélice (110) d’être
mise en rotation autour de son axe de pale pri-
maire (117), indépendamment de toute rotation
autour de l’axe, de non rotation et de position
de l’arbre d’entraînement d’axe vertical primaire
(104) ; et selon l’étape de :
détermination, utilisant l’ordre de cinématique
de navire, le plan de commande et les données
d’entrée, d’ordres de commande de pale dis-
tincts pour commander de façon indépendante
chacune des pales d’hélice cycloïdales multi-
ples, comprend la détermination d’ordres de
commande de pale pour commander les pales
(110A-E), sachant que chaque pale (110) n’est
pas limitée mécaniquement à une seule position
de pale basée sur un mouvement de rotation
autour d’un axe, un non mouvement et la posi-
tion de l’arbre d’entraînement primaire (104).
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