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(57) A method for controlling a marine vehicle pro-
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prises a cyclorotor propeller, an actuator arrangement,
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the request; and controlling, by the actuator arrangement
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Description

FIELD

[0001] The invention relates to a method of controlling a marine vehicle propulsion system.

BACKGROUND

[0002] Amarine vehicle may move with respect to water around it with thrust from a propulsion system, which includes
one or more cyclorotor propellers with blades that extend from the propeller, e.g., perpendicularly or with a tilted angle.
Such propulsion system would benefit from a controlling system capable of producing a desired force and/or torque
requested by a user via simple steering equipment such as a joystick.

BRIEF DESCRIPTION

[0003] According to an aspect, there is provided the subject-matter of independent claims. Dependent claims define
some embodiments.

BRIEF DESCRIPTION OF DRAWINGS

[0004] Some example embodiments will be described with reference to the accompanying drawings, in which:

Figure 1 illustrates an example of a marine vehicle;
Figure 2 illustrates an example of a propulsion system;
Figure 3 illustrates examples of propeller trajectories;
Figures 4 to 8 are flow charts illustrating example functionalities; and
Figure 9 illustrates an exemplary embodiment of an apparatus.

DETAILED DESCRIPTION

[0005] The following embodiments are exemplary. Although the specification may refer to "an", "one", or "some"
embodiment(s) in several locations, this does not necessarily mean that each such reference is to the same embodi-
ment(s), or that the feature only applies to a single embodiment. Single features of different embodiments may also be
combined to provide other embodiments. Furthermore, words "comprising" and "including" should be understood as not
limiting the described embodiments/examples to consist of only those features that have been mentioned and such
embodiments may contain also features/structures that have not been specifically mentioned. Further, although terms
including ordinal numbers, such as "first", "second", etc., may be used for describing various elements, the structural
elementsarenot restrictedby the terms.The termsareusedmerely for thepurposeof distinguishinganelement fromother
elements. For example, a first element could be termed a second element, and similarly, a second element could be also
termed a first element without departing from the scope of the present disclosure.
[0006] Embodiments and examples of the method described herein may be implemented in any cyclorotor propulsion
system with individually controllable blades.
[0007] It should be noted that while Figures illustrate various embodiments, they are simplified diagrams that only show
some structures and/or functional entities. The connections shown in Figuresmay refer to logical or physical connections.
It is apparent to a person skilled in the art that the described apparatus and/or systemmay also comprise other functions
and structures than thosedescribed inFiguresand text. It should beappreciated that details of some functions, structures,
and the signalling used formeasurement and/or controlling are irrelevant to the actual invention. Therefore, they need not
be discussed in more detail here.
[0008] Figure 1 illustrates an example of a marine vehicle 100 (the marine vehicle is partly shown in Figure 1) with a
propulsion system 102, which comprises one or more propulsion sub-systems 104, 104’. Marine vehicles may include
transport vessels and passenger ships, and the term marine vehicle or marine vessel may generally refer to any craft
designed for water transportation, for example. The transport ships may include cargo vessels and containers, for
example. Additionally, themarine vehiclesmay refer to fishing vessels, service craft like tugboats and supply vessels, and
warships. Furthermore, themarine vehiclesmaybeusedas ferries and submarines. It is apparent to a person skilled in the
art that the marine vehicle comprises any number of shown elements, other equipment, other functions, and other
structures that are not illustrated. They, as well as the protocols used, are well known by persons skilled in the art and are
irrelevant to the actual invention. Therefore, they need not to be discussed in more detail here.
[0009] In the illustrated example, the propulsion sub-system 104, 104’ is a cyclorotor propeller that may be capable of
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producing both a cycloidal trajectory and a trochoidal trajectory depending on the propeller’s advance ratio. The advance
ratiomaybe understoodas the ratio of freestreamfluid speed to thepropeller’s tip speed. Each exemplary propulsion sub-
system 104, 104’ comprises a propeller wheel 106, 106’ and at least two blades 108, 108’ that may extend from the wheel
106, 106’ perpendicularlywith respect to the rotational planeof thewheel 106, 106’. Theblades108, 108’ areattachedwith
the propeller wheel 106, 106’ in a rotatable manner. The blades 108, 108’ of the propulsion sub-system 104, 104’ may be
individually controllable in a rotatable manner with respect to the propeller wheel 106, 106’ such that a desirable blade
position and/or speed can be obtained fully independently for the blades 108, 108’. Alternatively, the blades 108, 108’may
be jointly controllable andcoupled to thepropellerwheel 106, 106’, e.g.,mechanically throughsuitable joints and/or gears,
such that thedesirablebladepositionand/or speedmaybeobtained for theblades108,108’. For example, theblades108,
108’ may be coupled to achieve a constant phase difference between the rotation of individual blades.
[0010] As illustrated in the example of Figure 1, a wheel engine system 120 may be common to a plurality of the
propulsion sub-systems104, 104’ throughamechanical power transmission.Alternatively, eachor someof thepropulsion
sub-systems 104, 104’ may have a separate wheel engine system 120.
[0011] Figure 2 illustrates an example where the propulsion system 102 comprises one cyclorotor propeller wheel 106
with individually controllable blades 108. That is, the propulsion system 102may correspond to one of the propulsion sub-
systems 104, 104’. Additionally, the exemplary propulsion system 102 comprises an actuator arrangement 110 and a
controller 112. The actuator arrangement 110 is operably coupled to the blades 108 and is configured to rotate the blades.
The controller 112 may be common to the propulsion sub-systems 104, 104’ (see Figure 1) or the controller 112 may
compriseaplurality of sub-controllers, asub-controller perpropulsionsub-system104,104’ (suchapossibility is illustrated
in Figure 2 although the controller 112 in Figure 2 may also exist for the plurality of cyclorotor propellers).
[0012] According to an embodiment, the controller 112 comprises one or more processors 114 and one or more
memories 116 including computer program code. The one or more memories 116 and the computer program code cause
the controller 112, with the one or more processors 114, to determine values for a set of control parameters.
[0013] According toanembodiment, thecontroller 112 thencommunicates thevalues for thesetof control parameters to
the actuator arrangement 110, which sets the at least two blades 108, for example, at blade position and blade speed
based on the values of the set of control parameters determined by the controller 112. The actuator arrangement 110may
comprise an electric motor arrangement AR per a blade of the at least two blades 108, wherein the electric motor
arrangementAR isoperably coupled to the respectiveblade108.Theelectricmotor arrangementARmaybeconfigured to
rotate the respective blade 108 around the blade’s longitudinal axis as illustrated in the example of Figure 2. The electric
motor arrangementARmaycomprisea regulator, agearbox, andanelectricmotor (blademotor),which turns theblade it is
mechanically coupledwith according to the values of the control parameters received from the controller 112, for example.
Functionalities of the propeller wheel 106 and the at least two blades 108 explainedwith Figure 2may correspondingly be
also applied to the propeller wheel 106’ and blades 108’ in Figure 1.
[0014] The controller 112 may also control a drive 118 of the wheel engine system 120. The wheel engine system 120
may comprise an engine (motor), which may comprise an electric engine, a combustion engine such as, for example, a
diesel engine, petrol engine, or a gasengine, andpotentially amechanical gearbox. Theconfiguration of thedrive 118may
dependon the typeof theengine. If thewheel engine system120comprisesoneormoreelectric engines (electricmotors),
the drive 118 may comprise an electric drive configured to control the electric engine(s), for example. The controller 112
maysendacommand to thedrive 118whichmay thencontrol a rotation speedand/or adirection of rotationof theengineof
the wheel engine system 120. The wheel engine system 120 can rotate the propeller wheel 106 directly or through the
gearbox, for example. However, the details of the wheel engine system are irrelevant to the actual invention and a person
skilled in the art is familiar with various wheel engine systems 120, per se. Therefore, they need not be discussed in more
detail here. As illustrated in theexample of Figure 2, eachof the propulsion sub-systems104, 104’may have its ownwheel
engine system 120.
[0015] Figure 3 illustrates examples of trochoidal and epicycloidal trajectories of the cyclorotor propeller.
[0016] Referring to Figure 3, the upper illustrated trajectory of the cyclorotor propeller is a trochoidal trajectory. The
trochoidal trajectory may be used, e.g., during transit movement of the marine vessel. The trochoidal trajectory
corresponds to advance coefficient (advance ratio, advance parameter) values that are greater than one (λ, > 1). The
advancecoefficientmaybeunderstoodasa ratio of a forwardspeed (vessel advancespeed)Va toa rotational tip speedVr.
The lower illustrated trajectory of the cyclorotor propeller is an epicycloidal trajectory. The epicycloidal trajectory may be
used, e.g., during bollard pull operation of the marine vessel. The epicycloidal trajectory corresponds to advance
coefficient values that are smaller than one (λ, < 1).
[0017] Figure 4 illustrates an example of the controlling method for a marine vehicle propulsion system comprising a
cyclorotor propeller, an actuator arrangement, and a controller.
[0018] Referring toFigure4, a request is received inblock401by the controller. The request comprisesat least one force
requestand/orat least one torque request.Theat least one force requestmaycomprise,e.g., a thrust request.Additionally,
the requestmay comprise amode request. Themode requestmaybeunderstood to comprise, e.g., information of amode
of the marine vehicle, such as a transit mode, a bollard pull mode, or a rudder mode. The request may be received, for
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example, froma bridge of themarine vehicle. The bridgemay comprise steering equipment such as amanual joystick or a
rudder by which a user may convoy the request.
[0019] Values for a set of control parameters are determined in block 402by the controller based on the request. The set
of control parameters comprises at least one thrustmagnitude parameter and at least one thrust direction parameter. The
at least one thrustmagnitudeparametermaybe,e.g., a rotational speedof thecyclorotor propeller and/or aneccentricity of
the cyclorotor propeller. The at least one thrust direction parameter may be, e.g., a yaw angle of the cyclorotor propeller
and/or an offset angle of an angle of attack of the cyclorotor propeller. In an example, the values for the control parameters
are determined by using an optimization method constrained by the request received and a pre-determined set of
constraints for the control parameters using standard algorithms for constrained optimization.
[0020] In an example, the optimization method comprises maximizing hydrodynamic efficiency of the cyclorotor
propeller. The hydrodynamic efficiency of the cyclorotor propeller may be expressed with equation

where E denotes the hydrodynamic efficiency, f denotes amathematical function, ε denotes the eccentricity, rpm denotes
the rotational speed, and ψ denotes the yaw angle. Themathematical function fmay be, e.g., a polynomial function of the
form

where df is the order of polynomial function and w0, wε,i, wrpm,i, wψ,i for i = 1, ..., d, and wc,j,k,l for j, k, l = 1, ..., d are the
coefficients. The order and coefficients of the efficiency equation may be determined based on an acceptable accuracy
during mathematical modelling process using, e.g., computational fluid dynamics (CFD) simulation, lab experiments,
and/or sea trial. For cyclorotor propellers, a fourth-order polynomial (df = 4) may have a sufficient accuracy for modelling
energy efficiency.
[0021] The thrust request received may be formulated as a thrust vector generated by the cyclorotor propeller and
described as

whereThrustx is a forward component of the thrust vector, Thrusty is a lateral component of the thrust vector, andgxandgy
are mathematical functions. Similar to the mathematical function f corresponding to energy efficiency, gx and gymay be,
e.g., polynomial functions as follows:

wheredg is the order of polynomial function,m0, n0,mε,i, mrpm,i,mψ,i nε,i, nrpm,i,nψ,i for i=1, ...,dg,andmc,j,k,l, nc,j,k,l for j, k, l
= 1, ..., dg are coefficients. For cyclorotor propellers, a fifth-order polynomial (dg = 5) usually has good accuracy for
mathematical modelling of the thrust vector.
[0022] The optimization problem formulated above is nonconvex and nonlinear due to themathematical functions f, gx,
and gy used for modelling energy efficiency and thrust. Optimization methods that may be employed to solve the
optimization problem comprise, e.g., Sequential Quadratic Programming (SQP), interior-point (IP)methods, andGenetic
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Algorithm. The Sequential Quadratic Programming may be understood as an iterative method that solves nonlinear
programming problems by iteratively solving a sequence of quadratic subproblems. The interior-point methods may be
understood tosolveoptimizationproblemsbyfindingasolution inan interior of a feasible region.TheGeneticAlgorithm isa
population-based stochastic search algorithm inspired by natural selection process. However, the details of the optimiza-
tion methods are irrelevant to the actual invention and a person skilled in the art is familiar with various optimization
methods, per se. Therefore, they need not be discussed in more detail here.
[0023] The pre-determined set of constraints for the control parameters may comprise upper and lower constraints for
the control parameters, which may be expressed with equations:

where superscripts L andU denote lower and upper constraints, respectively. The pre-determined set of constraints may
also comprise other constraints for preventing determining unfeasible values for the set of control parameters such as, for
example, 1 for eccentricity. If the request comprises themode request, the pre-determined set of constraints for the control
parametersmayalsodependon themode request.Themaximizing thehydrodynamicefficiencyof thecyclorotor propeller
may comprise determining values for operating condition parameters such as a current vessel velocity. The maximizing
the hydrodynamic efficiency of the cyclorotor propeller may also comprise obtaining from a pre-determined feasibility
solution set feasible thrust values corresponding to the request received and to the operating condition parameters
determined.The feasible thrust valuesmaycompriseamaximumvalue for the thrustmagnitudeparameter and/or feasible
values for the thrust direction parameter.
[0024] The cyclorotor propeller is controlled in block 403 based on the control parameter values by the actuator
arrangement receiving the values for the set of control parameters from the controller. The values for the control
parameters may be determined and the cyclorotor propeller controlled based on the values, e.g., at least once per a
revolution of the cyclorotor propeller. Alternatively, the values for the control parameters may be determined and the
cyclorotor propeller controlled based on the values when a blade position changes, e.g., a pre-determined amount.
[0025] Thepre-determinedset of constraintsmayalsocompriseconstraintsor feasible values forother factors, aspects,
or features of the cyclorotor propeller such as, e.g., vibration of the cyclorotor propeller, noise produced by the cyclorotor
propeller, or cavitation of the cyclorotor propeller.
[0026] Figure 5 illustrates an example of the controlling method, wherein the request comprises at least a thrust
magnitude request anda thrust direction request, and thepre-determined feasibility solution set is a first feasibility solution
set. The thrust vector may be represented via a thrust magnitude ThrustM and a thrust angle Thrustangle, or via a forward
component Thrustx and a lateral component Thrusty as explained above. The relation between these representations can
be expressed as equations:

where cos denotes the cosine function and sin denotes the sine function.
[0027] Referring to Figure 5, a maximum feasible thrust magnitude corresponding to the values for the operating
condition parameters and the thrust direction request is obtained in block 501 from the first feasibility solution set. The
maximum feasible thrust value may be used as a further constraint in the maximizing the hydrodynamic efficiency of the
cyclorotor propeller, expressed for example as an equation:
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where Thrustmax denotes the maximum feasible thrust magnitude obtained, and Thrustreq denotes the thrust magnitude
request. A first rotational speed value, a first eccentricity value, and a first yaw angle value are determined in block 502
based on at least the thrust direction request, the thrust magnitude request, the maximum feasible thrust magnitude
obtained, and the pre-determined set of constraints, such that the first rotational speed value, the first eccentricity value,
and the first yaw angle value maximize the hydrodynamic efficiency of the cyclorotor propeller. The first rotational speed
value, the first eccentricity value, and the first yaw angle value may be determined, for example, by maximizing the
objective function f using standard algorithms for constrained optimization as explained in more detail above. The first
rotational speed value, the first eccentricity value, and the first yaw angle value are set in block 503 as values for the set of
control parameters.
[0028] Figure 6 illustrates an example of determining the first feasibility solution set used in the controlling method
illustrated above with Figure 5.
[0029] Referring toFigure6, a thrust direction rangeandaplurality of thrust directionvaluesaredetermined inblock601.
The thrust direction range may be 0°‑360° (0‑2π rad) or a smaller range. The thrust direction values may be, e.g., angle
values at equal intervals within the range. A maximum feasible thrust magnitude value is determined in block 602, per a
thrust direction value of the plurality of thrust direction values determined, based on at least the thrust direction value, the
values for the operating condition parameters, and the pre-determined set of constraints. The maximum feasible thrust
magnitude may be determined, for example, by using standard algorithms for constrained optimization as explained in
more detail above. The plurality of thrust direction values and the values for the operating condition parameters are stored
in block 603 in the first feasibility solution set. The maximum feasible thrust magnitude value corresponding to the thrust
direction valueand thevalues for theoperating conditionparameters is also stored in block603, per a thrust direction value
of the plurality of thrust direction values, in the first feasibility solution set.
[0030] Figure 7 illustrates an example of the controlling method, wherein the request comprises at least a sway force
request, a surge force request, and a yaw torque request, and the pre-determined feasibility solution set is a second
feasibility solution set.
[0031] Referring to Figure 7, current available power is determined in block 701. A set of feasibility constraints
corresponding to the current available power and the values for the operating condition parameters is obtained in block
702 from the second feasibility solution set. The set of feasibility constraints comprises amaximum feasible sway force, a
minimum feasible sway force, amaximum feasible surge force, aminimum feasible surge force, amaximum feasible yaw
torque, and a minimum feasible yaw torque. A second rotational speed value, a second eccentricity value, and a second
yaw angle value are determined in block 703 based on at least the sway force request, the surge force request, the yaw
torque request, the set of feasibility constraints obtained, and the pre-determined set of constraints, such that the second
rotational speed value, the second eccentricity value, and the second yaw angle value maximize the hydrodynamic
efficiency of the cyclorotor propeller. The second rotational speed value, the second eccentricity value, and the second
yaw angle value may be determined, for example, by maximizing the objective function f using standard algorithms for
constrained optimization as explained in more detail above. The pre-determined set of constraints may comprise at least
an upper constraint and a lower constraint for rotational speed, an upper constraint and a lower constraint for eccentricity,
and an upper constraint and a lower constraint for yaw angle. The second rotational speed value, the second eccentricity
value, and the second yaw angle value are set in block 704 as the values for the set of control parameters.
[0032] Figure 8 illustrates an example of determining the second feasibility solution set used in the controlling method
illustrated above with Figure 7.
[0033] Referring to Figure 8, electrical power consumption of the cyclorotor propeller and generated thrust of the
cyclorotor are determined in block 801. The set of feasibility constraints comprising themaximum feasible sway force, the
minimum feasible sway force, themaximum feasible surge force, theminimum feasible surge force, themaximum feasible
yaw torque, and theminimum feasible yaw torque is determined in block 802basedon theelectrical power consumption of
the cyclorotor propeller determined, the generated thrust of the cyclorotor propeller determined, the current available
power, the values for the operating condition parameters, and the pre-determined set of constraints. The current available
power and the values for the operating condition parameters are stored in block 803 in the second feasibility solution set.
The set of feasibility constraints corresponding to the current available power and the operating condition parameters is
also stored in block 803 in the second feasibility solution set.
[0034] In an example, the optimizationmethod comprisesminimizing a factor of the cyclorotor propeller constrained by
the request received and another pre-determined set of constraints for the control parameters. The factor of the cyclorotor
propeller may be understood as an unwanted factor or aspect such as, e.g., vibration of the cyclorotor propeller, noise
produced by the cyclorotor propeller, cavitation of the cyclorotor propeller, or another factor of the cyclorotor propeller of
which minimization would be beneficial.
[0035] Maximizing the hydrodynamic efficiency of the cyclorotor propellermay enable calculating optimal values for the
control parameters which can be requested by the controller of the marine vehicle with a joystick or by an automatic
controller while achieving maximal efficiency regarding to power consumption. Minimizing an unwanted factor of the
cyclorotor propeller may enable calculating optimal values for the control parameters which can be requested by the
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controller of themarine vehicle with a joystick or by an automatic controller while, e.g., reducingwearing functioning of the
cyclorotor propeller. Using the pre-determined feasibility solution set may improve performance of controlling a marine
vehicle propulsion system. The pre-determined feasibility solution set may prevent oscillations and instability during
operation and hence increase lifetime of the propulsion system. Additionally, it may function as an advisory option for a
marine vehicle operator to enable the operator to be continuously aware of capability of the propulsion system in current
operating conditions.
[0036] Figure 9 is a simplifiedblock diagram illustrating someunits for anapparatus (device, equipment) 900 configured
to perform at least some functionality described above for controlling the propulsion of a marine vehicle, for example by
means of Figures 1 to 8 andany combination thereof. In the illustrated example, the apparatus 900 comprises oneormore
interface (IF) entities 901, such as one or more user interfaces, and one or more processing entities 902 connected to
various interface entities 901 and to one or more memories 903.
[0037] The one or more interface entities 901 are entities for receiving and transmitting information, such as commu-
nication interfaces comprising hardware and/or software for realising communication connectivity according to one or
more communication protocols, or for realising data storing and fetching, or for providing user interaction via one or more
user interfaces as described above in the explanation of the example illustrated by Figures 1 and 2.
[0038] A processing entity 902 is capable to perform calculations and configured to implement at least part of
functionalities/operations described above, for example by means of any of Figures 1 to 8 and any combination thereof,
with corresponding algorithms 904 stored in the memory 903. The entity 902 may include one or more processors,
controllers, control units, micro-controllers, etc. configurable to carry out embodiments/examples/implementations or
operations described above, for example by means of any of Figures 1 to 8 and any combination thereof. Generally, a
processor is a central processingunit, but theprocessor entity 902maybeanadditional operationprocessor or amulticore
processor or a microprocessor.
[0039] Amemory 903 is usable for storing a computer program code required for one ormore functionalities/operations
described above, for example bymeansof any of Figures 1 to 8andany combination thereof, that is, the algorithms904 for
implementing the functionality/operations describedabovebymeansof anyof Figures1 to8andany combination thereof.
The memory 903 may also be usable for storing, at least temporarily, other possible information required for one or more
functionalities/operations described above, for example by means of any of Figures 1 to 8 and any combination thereof.
The memory 903 may comprise a data buffer that may, at least temporarily, store for example measurement data and/or
information received as a user input.
[0040] Asasummary, themethodsdescribedherein, for examplebymeansof anyof Figures1 to8andanycombination
thereof,may be configured as a computer or a processor, or amicroprocessor, suchas a single-chip computer element, or
asa chipset, or oneormore logic gates includingat least amemory for providing storageareaused for arithmetic operation
and an operation processor for executing the arithmetic operation. Each or some or one of the algorithms for function-
s/operations described above, for example by means of any of Figures 1 to 8 and any combination thereof, may be
comprised in one or more computer processors, application-specific integrated circuits (ASIC), digital signal processors
(DSP), digital signal processing devices (DSPD), programmable logic devices (PLD), field-programmable gate arrays
(FPGA), graphics processing units (GPU) and/or other hardware components that have been programmed and/or will be
programmed by downloading computer program code (one or more algorithms) in such a way to carry out one or more
functions of one or more embodiments/examples.
[0041] An embodiment provides a computer program embodied on any client-readable distribution/data storage
medium or memory unit(s) or article(s) of manufacture, comprising program instructions executable by one or more
processors/computers, which instructions, when loaded into an apparatus (device, equipment), constitute an entity
providing corresponding functionality, or at least part of the corresponding functionality. Programs, also called program
products, including software routines, program snippets constituting "program libraries", applets, and macros, can be
stored in any medium, including non-transitory computer readable storage medium, and may be downloaded into an
apparatus. Inotherwords, eachor someoroneof thealgorithms foroneormore functions/operationsdescribedabove, for
example by means of any of Figures 1 to 8 and any combination thereof, may be comprised in an element that comprises
one or more arithmetic logic units, a number of special registers and control circuits.
[0042] It will be obvious to a person skilled in the art that, as the technology advances, the inventive concept can be
implemented in variousways. The inventionand its embodimentsarenot limited to theexamplesdescribedabovebutmay
vary within the scope of the claims.

Claims

1. Amethod for controlling amarine vehicle propulsion system, the propulsion systemcomprising a cyclorotor propeller,
an actuator arrangement, and a controller, the method comprising:
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receiving, by the controller, a request comprising at least one force request and/or at least one torque request;
determining, by the controller, values for a set of control parameters based on the request; and
controlling, by the actuator arrangement receiving the values for the set of control parameters from the controller,
the cyclorotor propeller based on the values received.

2. A method according to claim 1, wherein the set of control parameters comprises at least one thrust magnitude
parameter comprising at least one of: a rotational speed and an eccentricity, and at least one thrust direction
parameter comprising at least one of: a yaw angle and an offset angle.

3. Amethod according to claim 1 or 2, wherein the determining the values for the set of control parameters is performed
using an optimizationmethod constrained by the request received and a pre-determined set of constraints for the set
of control parameters.

4. A method according to claim 3, wherein the optimization method comprises maximizing hydrodynamic efficiency of
the cyclorotor propeller.

5. Amethodaccording to claim4,wherein themaximizinghydrodynamicefficiencyof thecyclorotor propeller comprises:

determining values for operating condition parameters comprising at least a current vessel velocity; and
obtaining, from a pre-determined feasibility solution set, feasible thrust values corresponding to the request and
the values for the operating condition parameters determined.

6. A method according to claim 5, wherein the request comprises at least a thrust magnitude request and a thrust
direction request, and wherein the pre-determined feasibility solution set is a first feasibility solution set.

7. A method according to claim 6, wherein the determining the values for the set of control parameters comprises:

obtaining, from the first feasibility solution set, amaximum feasible thrustmagnitude corresponding to the values
for the operating condition parameters and the thrust direction request;
determining a first rotational speed value, a first eccentricity value, and a first angle value based on at least the
thrust direction request, the thrustmagnitude request, themaximum feasible thrust magnitude obtained, and the
pre-determined set of constraints, wherein the first angle value is a first yaw angle value or a first offset angle
value, and wherein the first rotational speed value, the first eccentricity value, and the first angle value maximize
the hydrodynamic efficiency of the cyclorotor propeller; and
setting the first rotational speed value, the first eccentricity value, and the first angle value as the values for the set
of control parameters.

8. Amethod according to claim 7, wherein the method further comprises determining the first feasibility solution set by:

determining a thrust direction range and a plurality of thrust direction values comprised in the thrust direction
range;
determining, per a thrust direction value of the plurality of thrust direction values determined, amaximum feasible
thrust magnitude value based on at least the thrust direction value, the values for the operating condition
parameters, and the pre-determined set of constraints;
storing, in the first feasibility solution set, the plurality of thrust direction values and the values for the operating
condition parameters; and
storing, in the first feasibility solution set, per a thrust direction value of the plurality of thrust direction values, the
maximum feasible thrust magnitude value determined corresponding to the thrust direction value and the values
for the operating condition parameters.

9. A method according to claim 5, wherein the request comprises at least a sway force request, a surge force request,
and a yaw torque request, and the pre-determined feasibility solution set is a second feasibility solution set.

10. A method according to claim 9, wherein the determining the values for the set of control parameters comprises:

determining a current available power;
obtaining, from thesecond feasibility solutionset, a setof feasibility constraints corresponding to thevalues for the
operating condition parameters and the current available power, wherein the set of feasibility constraints
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comprises a maximum feasible sway force, a minimum feasible sway force, a maximum feasible surge force, a
minimum feasible surge force, a maximum feasible yaw torque, and a minimum feasible yaw torque;
determining a second rotational speed value, a second eccentricity value, and a second angle value based on at
least the sway force request, the surge force request, the yaw torque request, the set of feasibility constraints
obtained, and the pre-determined set of constraints, wherein the second angle value is a second yawangle value
or a secondoffset angle value, andwherein the second rotational speed value, the secondeccentricity value, and
the second angle value maximize the hydrodynamic efficiency of the cyclorotor propeller;
setting the second rotational speed value, the second eccentricity value, and the second angle value as the
values for the set of control parameters.

11. Amethod according to claim 10, wherein themethod further comprises determining the second feasibility solution set
by:

determining an electrical power consumption of the cyclorotor propeller and a generated force of the cyclorotor
propeller;
determining theset of feasibility constraints basedon theelectrical power consumptionof thecyclorotor propeller,
the generated force of the cyclorotor propeller, the current available power, the values for the operating condition
parameters, and the pre-determined set of constraints,;
storing, in thesecond feasibility solutionset, thecurrent availablepowerand thevalues for theoperating condition
parameters;
storing, in the second feasibility solution set, the set of feasibility constraints corresponding to the current
available power and the values for the operating condition parameters.

12. A method according to any of claims 5 to 11, further comprising:
displaying, to a user of the propulsion system via a user interface, the pre-determined feasibility solution set as a
feasibility map.

13. A method according to any of claims 4 to 12, wherein the request further comprises a mode request and the pre-
determined set of constraints for the control parameters is determined based on the mode request.

14. Amethod according to claim 3 or 4, wherein the optimization method comprises minimizing a factor of the cyclorotor
propeller.

15. Apropulsionsystem for amarinevehicle, comprisingacyclorotor propeller, anactuatorarrangement, andacontroller;

the controller comprising one or more processors and one or morememories including computer program code;
the oneormorememories and the computer programcode being configured to, with the one ormore processors,
cause at least the controller to receive a request comprising at least one force request and/or at least one torque
request, and determine values for a set of control parameters based on the request; and
the actuator arrangement being configured to at least control the cyclorotor propeller based on the values for the
set of control parameters received from the controller.
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