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Description 

MARINE VESSEL POWER SYSTEM AND METHOD 

Technical Field 

[1] The present disclosure relates to a power system for a marine 

vessel, in particular, a power system comprising an engine and one or more 

controllable pitch thrusters, and a method of operating the same. 

Background 

[2] A marine vessel, such as, for example, an offshore support vessel, 

includes one or more combustion engines driving one or more main propellers for 

propulsion of the vessel. The one or more main propellers are mechanically 

coupled to the one or more engines, for example, via one or more drive shafts. 

The one or more engines rotate at a given speed, resulting in a corresponding 

rotation of the one or more main propellers. For example, the vessel may include 

a pair of diesel engines drivably coupled to a pair of main propellers. The diesel 

engines and the main propellers are generally operating at constant speed. 

[3] For improving the maneuverability of the vessel, so-called tunnel 

thrusters (also referred to as transverse thrusters) can be provided in a hull 

structure of the vessel. Particularly, tunnel thruster systems include a passage 

(tunnel) extending through a hull segment of the hull structure of the vessel, for 

example, in a transverse direction. A propeller unit of the tunnel thruster system 

generates a water jet through the passage if activated. That water jet exits the 

passage in a starboard or port direction of the vessel and thus causes a steering 

force that allows maneuvering the vessel without travelling forward or aft. 

[4] The present disclosure is directed, at least in part, to improving or 

overcoming one or more aspects of prior systems. 
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Summary of the Disclosure 

[5] In one aspect of the present disclosure, a marine vessel power 

system comprises an engine configured to operate at varying engine speeds, a 

controllable pitch thruster drivably coupled to the engine, and a control unit. The 

control unit is configured to receive a thrust command value, determine a current 

speed of the controllable pitch thruster, and calculate a pitch of the controllable 

pitch thruster to produce thrust in accordance with the thrust command value 

based on the current speed of the controllable pitch thruster. 

[6] In another aspect of the present disclosure, a method of operating 

a marine vessel power system comprising an engine configured to operate at 

varying speeds and a controllable pitch thruster drivably coupled to the engine 

comprises receiving a thrust command value, determining a current speed of the 

controllable pitch thruster, and calculating a pitch of the controllable pitch 

thruster to produce thrust in accordance with the thrust command value based on 

the current speed of the controllable pitch thruster. 

[7] Other features and aspects of this disclosure will be apparent from 

the following description and the accompanying drawings. 

Brief Description of the Drawings 

[8] The accompanying drawings, which are incorporated herein and 

constitute a part of the specification, illustrate exemplary embodiments of the 

disclosure and, together with the description, serve to explain the principles of the 

disclosure. In the drawings: 

Fig. 1 shows a schematic overview of a marine vessel power 

system. 

Fig. 2 schematically illustrates a control process for a controllable 

pitch thruster of the system shown in Fig. 1; and 

Fig. 3 schematically illustrates a control process for a controllable 

pitch main propeller of the power system shown in Fig. 1. 
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Detailed Description 

[9] The following is a detailed description of exemplary embodiments 

of the present disclosure. The exemplary embodiments described therein and 

illustrated in the drawings are intended to teach the principles of the present 

disclosure, enabling those of ordinary skill in the art to implement and use the 

present disclosure in many different environments and for many different 

applications. Therefore, the exemplary embodiments are not intended to be, and 

should not be considered as, a limiting description of the scope of patent 

protection. Rather, the scope of patent protection shall be defined by the 

appended claims. 

[10] The present disclosure may be based in parts on the realization 

that in certain conventional designs including engines and main propellers 

running at constant speed, inefficiencies may occur when the engines are running 

on low loads. When this is the case, the main propellers are rotating with a low 

pitch, which is a condition that is far away from the design condition of the 

propellers. If the systems could be run at variable speed, this would increase the 

efficiency for both the engines and the propellers. However, if the engine also 

drives a shaft alternator providing power to tunnel thrusters and ship systems, the 

frequency of the AC power generated by the shaft alternator would then also 

vary, requiring the loads being supplied with the AC power to be able to handle 

this variable frequency. 

In typical offshores support vessels, the biggest electrical loads are 

the tunnel thrusters used while in dynamic positioning mode. According to the 

present disclosure, if the tunnel thrusters have a controllable pitch propeller, the 

thrust at varying speeds of the tunnel thrusters can be controlled by controlling 

the pitch of the same in an appropriate manner. This allows the entire power 

system from engine to main propeller to tunnel thruster to operate at variable 

speed as a single system. The speed may depend on the overall power 

requirements and, for example, wheather conditions or the like. 
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[12] The present disclosure may further be based in part on the 

realization that decreasing the engine speed if the engine load is relatively low 

may reduce fuel consumption under partial load conditions, reduce wear of the 

engines and the propulsion system, and may also reduce noise and vibrations. 

The lower engine speed can be compensated for by adjusting the pitch of the 

tunnel thrusters and the main propellers in an appropriate manner. 

[13] In the following, an exemplary marine vessel power system is 

described with reference to Fig. 1. 

[14] Fig. 1 schematically shows a power system 10 for a marine vessel 

according to an exemplary embodiment. Power system 10 includes a pair of 

engines 12A, 12B. Each of engines 12A, 12B may be an internal combustion 

engine configured to burn a supply of gaseous and/or liquid fuel to produce a 

mechanical output. For example, each engine 12A, 12B may be a diesel engine, a 

gaseous fuel engine or a dual fuel engine configured to burn both gaseous fuel 

and liquid fuel, for example, diesel oil. Each of engines 12A, 12B may be a 

variable speed engine that is configured to rotate at varying speeds. 

[15] Power system 10 further includes a pair of main propellers 18A, 

18B mechanically connected to the pair of engines 12A, 12B via corresponding 

drive shafts 19A, 19B and, for example, a gear mechanism (not shown). Each 

main propeller 18A, 18B may, for example, be configured as a controllable pitch 

azimuth thruster. The pitch angle of the blades of each propeller may be adjusted, 

for example, using a hydraulic system including a pitch control valve 36 (see Fig. 

3), which will be described in more detail below. Drive shafts 19A, 19B transmit 

the rotation of engines 12A, 12B to main propellers 18A, 18B such that main 

propellers 18A, 18B rotate at a speed that is proportional to the speed of engines 

12A, 12B. The thrust provided by main propellers 18A, 18B may be adjusted by 

adjusting the pitch angle of the blades of the propellers. In the following, this will 

simply be referred to as "adjusting the pitch of the main propellers" or, in case of 

the tunnel thrusters described below, "adjusting the pitch of the tunnel thrusters". 
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[16] The desired thrust from main propellers 18A, 18B is set, for 

example, by an operator input device 32. Operator input device 32 may include a 

lever, joystick, etc. configured to be operated by an operator. An operation 

amount of operator input device 32 is converted into a thrust command value and 

transmitted to a control unit 16B. It will be readily appreciated, however, that in 

other embodiments the thrust command value may be generated by a dynamic 

positioning system or a similar control system of the vessel. Control unit 16B is 

operatively connected to engines 12A, 12B and main propellers 18A, 18B, as 

shown by dashed lines in Fig. 1. It will be appreciated that in other embodiments 

control unit 16B may only be connected to one of engines 12A, 12B and a 

corresponding one of main propellers 18A, 18B. In other words, a separate 

control unit may be provided for each engine/shaft line. 

[17] Power system 10 further includes a pair of alternators (i.e, 

generators) 20A, 20B mechanically connected to the pair of engines 12A, 12B. 

For example, an input of alternator 20A may be mechanically connected to a 

flywheel of engine 12A, and an input of alternator 20B may be mechanically 

connected to a flywheel of engine 12B. Each of alternators 20A, 20B is 

configured to receive the mechanical output from the associated engine 12A, 12B 

and convert the same to electrical AC power. The AC power generated by each of 

alternators 20A, 20B is provided to an electric motor 23 (see Fig. 2) associated 

with one of the pair of tunnel thrusters 14A, 14B. For example, tunnel thrusters 

14A, 14B may be provided at a bow of the vessel and may generate a water jet 

resulting in a steering force which facilitates steering of the vessel. 

[18] In order to activate tunnel thrusters 14A, 14B, a pair of starters 

22A, 22B is connected between alternators 20A, 20B and the electrical motors of 

tunnel thrusters 14A, 14B. As shown in Fig. 1, starters 22A, 22B are operatively 

connected with a control unit 16A. Control unit 16A is configured to send a start 

command to starters 22A, 22B to start the electric motors of tunnel thrusters 14A, 

14B to rotate the propellers of tunnel thrusters 14A, 14B with a speed that is 
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determined by the speed of the associated electric motor. The speed of the 

associated electric motor is determined by the frequency of the AC power 

supplied to the electric motors from alternators 20A, 20B. Here, the frequency of 

the AC power supplied by the alternators 20A, 20B is proportional to the speed of 

engines 12A, 12B. Accordingly, as the speed of engines 12A, 12B decreases, the 

frequency of the AC power supplied to the electric motors also decreases, 

resulting in a decreased speed of the tunnel thrusters 14A, 14B, i.e., a decreased 

speed of rotation of the propellers of the same. 

[19] Control unit 16A is further operatively connected to an operator 

input device 30. Operator input device 30 may include a plurality of input devices 

such as levers, joysticks or the like for individually adjusting the thrust provided 

by each of tunnel thrusters 14A, 14B. In particular, operator input device 30 is 

configured to start and stop tunnel thrusters 14A, 14B as required. It will again be 

appreciated that tunnel thrusters may also be automatically controlled using a 

dynamic positioning system of the vessel. 

[20] Although two control units 16A, 16B are shown in Fig. 1, it will 

be readily appreciated that control units 16A, 16B may be incorporated in a 

single control unit 16 (see, for example, Figs. 2 and 3) or control system for 

controlling all components of power system 10, in particular, engines 12A, 12B, 

main propellers 18A, 18B and tunnel thrusters 14A, 14B. 

[21] Power system 10 further includes an optional frequency controller 

24 configured to receive AC power output by alternators 20A and/or 20B. 

Frequency controller 24 is configured to convert the AC power having a variable 

frequency in accordance with the speed of engines 12A, 12B to supply the same 

to one or more electrical loads 26, 27, 28 which may require fixed frequencies. 

For example, electrical loads 26, 27, 28 may be heating systems, pumps, 

navigation and bridge systems and other auxiliary systems onboard the vessel. 

[22] Figs. 2 and 3 schematically illustrate control processes performed 

in the power system of Fig. 1. Fig. 2 shows a control process for an exemplary 
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thruster 14, while Fig. 3 shows a control process for an exemplary main propeller 

18. It will be readily appreciated that, although processes for a single thruster 14 

and a single main propeller 18 are described with reference to Figs. 2 and 3, the 

description applies to both main propellers 18A, 18B shown in Fig. 1 and to both 

tunnel thrusters 14A, 14B shown in Fig. 1. Further, it is obvious that in other 

embodiments more than two main propellers and/or tunnel thrusters may be 

provided and may be controlled in the described manner. Further, thruster 14 is 

not limited to a tunnel thruster and may be a any other thruster that is powered by 

an alternator connected to an engine in the described manner. 

[23] 	 As shown in Fig. 2, control unit 16 is configured to receive an 

input from operator input device 30. The input received from operator input 

device 30 indicates the required thrust from thruster 14. As previously described, 

thruster 14 includes a propeller 15 driven to rotate by electric motor 23. Thruster 

14 is a controllable pitch thruster, i.e., the pitch angle of the blades of propeller 

15 may be adjusted. In particular, a hydraulic system including a pitch control 

valve 34 may be provided to adjust the pitch of thruster 14. 

[24] 	 Electric motor 23 receives AC power from an alternator 20 (see 

Fig. 3) driven by an engine 12. Again, it will be readily appreciated the the 

description applies to both engines 12A, 12B and alternators 20A, 20B shown in 

Fig. 1, and that more than two engines/alternators may be provided in other 

embodiments. The speed of rotation of electric motor 23 and propeller 15, i.e., 

the speed of thruster 14, is determined by the frequency of the AC power 

supplied by alternator 20. This frequency in turn depends on the speed of engine 

12. 

[25] 	 Control unit 16 is configured to receive a current speed of thruster 

14 as an input. The current speed of thruster 14 may be determined using, for 

example, a speed sensor disposed adjacent to a shaft of thruster 14, in electric 

motor 23 or at another component of thruster 14 from which the speed can be 

derived. Alternatively, the speed of thruster 14 may be derived by control unit 16 
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on the basis of the frequency of the AC power supplied to electric motor 23 

and/or other parameters. Further, control unit 16 is configured to output a 

start/stop command to a starter 22 associated with thruster 14, and to output a 

pitch setting for thruster 14 to pitch control valve 34. 

[26] When thruster 14 is activated, the frequency of the AC power 

supplied to electric motor 23 determines the speed of electric motor 23 and 

thruster 14. Accordingly, control unit 16 is configured to receive the input 

indicating the current speed of thruster 14, and to calculate the pitch of thruster 

14 that is needed to achieve thrust in accordance with a thrust command value 

received from operator input device 30. For example, one or more maps may be 

stored in a memory that is accessible by control unit 16. The one or more maps 

may relate the received thrust command value, the speed of thruster 14 and the 

required pitch and may be used by the control unit 16 to calculate the pitch. The 

pitch can also be calculated based on one or more mathematical relationships 

between these parameters. Using the calculated pitch, control unit 16 commands 

pitch control valve 34 to adjust the pitch of thruster 14 such that thrust in 

accordance with the thrust command value is obtained. In this manner, the 

required thrust can be obtained at variable speeds of thruster 14. 

[27] It will be readily appreciated that the hydraulic system including 

pitch control valve 34 is only an example for a device for adjusting the pitch of 

thruster 14, and that any appropriate configuration can be used to adjust the same. 

For example, electric and/or magnetic actuators may be used to adjust the pitch of 

thruster 14. 

[28] Referring now to Fig. 3, a control process for an exemplary main 

propeller 18 is illustrated. 

[29] As shown in Fig. 3, control unit 16 is configured to receive an 

input from operator input device 30 indicating a thrust required from main 

propeller 18. Further, control unit 16 is configured to transmit a speed command 

value to engine 12 indicating the speed at which engine 12 should operate. In 
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addition, control unit 16 is configured to receive as an input the actual speed of 

engine 12. The actual speed of engine 12 may be determined using a speed sensor 

associated with, for example, a crank shaft or another component of engine 12. 

Control unit 16 is further configured to receive an engine load which indicates the 

total load on engine 12 due to main propeller 18 and alternator 20. 

[30] Further, control unit 16 is configured to transmit a pitch command 

value to a pitch control valve 36 associated with main propeller 18. The pitch 

command value output by control unit 16 determines the pitch of main propeller 

18, i.e., the pitch of the blades of a propeller unit 21 of main propeller 18. 

[31] Control unit 16 is configured to calculate the required pitch for 

main propeller 18 on the basis of the current engine speed of engine 12 and the 

thrust command value received from operator input device 32. 

[32] In addition, control unit 16 is configured to determine an engine 

load at the current engine speed, for example, by receiving an engine load signal 

from engine 12, and vary the current engine speed depending on the engine load. 

In particular, control unit 16 may be configured to decrease the engine speed 

when the engine load is below a lower threshold, for example, 20% of maximum 

load at the current engine speed. 

[33] Likewise, control unit 16 may be configured to increase the engine 

speed when the engine load is above an upper threshold, for example, 90% of the 

maximum engine load at the current speed. 

[34] In both cases, control unit 16 may be configured to vary the engine 

speed in a stepwise manner, for example, in accordance with a plurality of 

predetermined speed settings for engine 12. In addition or as an alternative, 

control unit 16 may be configured to continuosly vary the engine speed based on 

the engine load. 

[35] It will be readily appreciated that, although a pair of engines 12A, 

12B with associated pairs of main propellers 18A, 18B and tunnel thrusters 14A, 

14B is shown in Fig. 1, in other exemplary embodiments, only a single engine 12 
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with a single main propeller 18 may be provided. In the same manner, in other 

exemplary embodiments, more than two engines and more than two main 

propellers and/or tunnel thrusters may be provided. 

Industrial Applicability 

[36] The marine vessel power system disclosed herein is applicable in 

marine vessels for improving the efficiency of the system. In particular, the 

power system disclosed herein may result in a reduced fuel consumption under 

partial load conditions, reduce wear of the propulsion system and the engine 

system, and reduce noise and vibrations due to lower system speeds under partial 

load conditions. 

[37] An exemplary operation of the disclosed power system 10 will be 

described in the following with reference to Figs. 2 and 3. 

[38] Under normal load conditions, power system 10 may be operating 

with the default speed setting for engine 12. Accordingly, control unit 16 sets a 

speed command value to a default speed value and transmits the same to engine 

12 sucht that engine 12 is operating at the default speed. Engine 12 drives 

alternator 20 to convert the mechanical output by engine 12 to AC power having 

a frequency corresponding to the default speed. For example, altenator 20 may be 

configured such that, when engine 12 is operating at the default speed, the AC 

power output by alternator 20 has a frequency of 60 Hz. The AC power with the 

frequency of 60 Hz is supplied to electric motor 23 of thruster 14 to rotate 

thruster 14 at a speed that is determined by the frequency of 60 Hz and the 

configuration of electric motor 23. When operator input device 30 is operated to 

activate thruster 14, control unit 16 generates a thrust command value on the 

basis of the current speed of thruster 14, which current speed corresponds to the 

default engine speed and the frequency of 60 Hz supplied by alternator 20. 

[39] At the same time, engine 12 operating at the default speed drives 

main propeller 18 via drive shaft 19 to rotate at a speed that is proportional to the 
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speed of engine 12, and control unit 16 sets a pitch of main propeller 18 in 

accordance with a thrust command value obtained from operator input device 32, 

using the default speed obtained from engine 12 as a basis for calculating the 

pitch of main propeller 18. 

[40] Control unit 16 monitors the engine load of engine 12. When it is 

determined that, for example, the engine load is below a lower threshold, for 

example, 20% of the maximum engine load at the current speed, for example, the 

default speed, control unit sends a speed command value to engine 12 to reduce 

the speed of engine 12. The reduction in the speed of engine 12 may be done in a 

stepwise manner for example, using a plurality of predetermined speed settings. 

Alternatively or additionally, control unit 16 may be configured to continuosly 

decrease the speed of engine 12 based on a difference between the engine load 

and the lower threshold. 

[41] In response to the speed command value received from control 

unit 16, the speed of engine 12 is reduced. Consequenity, alternator 20 is driven 

at a lower speed, such that the frequency of the AC power output by alternator 20 

will decrease, for example, proportionally to the decrease in the speed of engine 

12. 

[42] As a result, the speed of thruster 14 will also decrease. Control 

unit 16 monitors the speed of thruster 14 and calculates an appropriate pitch 

command value for pitch control valve 34 on the basis of the current speed of 

thruster 14 and the thrust command value obtained from operator input device 30. 

Therefore, the desired thrust indicated by the thrust command value is produced 

at the reduced speed of thruster 14. 

[43] In the same manner, control unit 16 is configured to set the pitch 

of main propeller 18 on the basis of the reduced engine speed of engine 12 and 

the thrust command value from operator input device 32. Accordingly, the 

desired thrust for propelling the vessel is obtained at a lower speed of engine 12 

by increasing the pitch of main propeller 18 as necessary. 
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[44] Accordingly, with the above control system and method, the speed 

of engine 12, main propeller 18 and tunnel thruster 14 can be reduced as one to 

increase the efficiency for both engine 12 and main propeller 18, while taking 

into account the reduced speed of thruster 14 due to the lowered frequency output 

by alternator 20. 

[45] In case the engine load increases, for example, to about 90% of the 

maximum engine load at the current speed, control unit 16 sends a speed 

command value to engine 12 to increase the engine speed. Accordingly, a 

frequency of the AC power output by alternator 20 will also increase, thereby 

increasing the speed of thruster 14. In the same manner, the speed of main 

propeller 18 will also increase. Control unit 16 will then use the current speeds of 

thruster 14 and main propeller 18 to calculate new pitch command values for 

thruster 14 and main propeller 18 in accordance with the corresponding thrust 

command values output by operator input devices 30 and 32, respectively. As in 

the case of a reduction in speed, control unit 16 may be configured to increase the 

speed of engine 12 in a stepwise manner and/or continuously. 

[46] Power system 10 may be configured such that the variation in 

speed is limited to a particular range, for example, such that the frequency of the 

AC power output by alternator 20 is within a predetermined range, for example, 

between 30 and 60 Hz or between 50 and 60 Hz. It will be readily appreciated, 

however, that different values or intervals could be used, depending on the 

configuration of the individual components of power system 10, for example, 

engine 12, alternator 20, main propeller 18 and the like. 

[47] Although the preferred embodiments of this invention have been 

described herein, improvements and modifications may be incorporated without 

departing from the scope of the following claims. 
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Claims 

1. A marine vessel power system (10) comprising: 

an engine (12, 12A, 12B) configured to operate at varying engine 

speeds; 

a controllable pitch thruster (14, 14A, 14B) driveably coupled to 

the engine (12); and 

a control unit (16, 16A, 16B) configured to: 

receive a thrust command value that indicates a desired 

thrust of the controllable pitch thruster (14, 14A, 14B); 

determine a current speed of the controllable pitch thruster 

(14, 14A, 14B); and 

calculate a pitch of the controllable pitch thruster (14, 14A, 

14B) to produce thrust in accordance with the thrust command value based on the 

current speed of the controllable pitch thruster. 

2. The marine vessel power system of claim 1, wherein the 

control unit (16, 16A, 16B) is further configured to: 

determine a current engine speed of the engine (12, 12A, 12B); 

determine an engine load at the current engine speed; and 

vary the current engine speed depending on the engine load. 

3. The marine vessel power system of claim 2, wherein the 

control unit is configured to decrease the engine speed when the engine load is 

below a lower threshold. 

4. The marine vessel power system of claim 2 or 3, wherein 

the control unit is configured to increase the engine speed when the engine load is 

above an upper threshod. 
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5. 	The marine vessel power system of any one of claims 2 to 

4, wherein the control unit is configured to vary the engine speed in a stepwise 

manner. 

	

6. 	The marine vessel power system of any one of claims 2 to 

5, wherein the control unit is configured to vary the engine speed in accordance 

with a plurality of predetermined speed settings for the engine (12, 12A, 12B). 

	

7. 	The marine vessel power system of any one of claims 2 to 

6, wherein the control unit is configured to continuously vary the engine speed 

based on the engine load. 

	

8. 	The marine vessel power system of any one of claims 2 to 

7, further comprising: 

a controllable pitch main propeller (18, 18A, 18B) driveably 

coupled to the engine (12, 12A, 12B), 

wherein the control unit (16, 16A, 16B) is further configured to: 

receive a thrust demand for the controllable pitch main 

propeller (18, 18A, 18B); and 

calculate a pitch command for the controllable pitch main 

propeller (18, 18A, 18B) on the basis of the thrust demand and the current engine 

speed of the engine (12, 12A, 12B). 

	

9. 	The marine vessel power system of any one of claims 1 to 

8, further comprising: 

an alternator (20, 20A, 20B) configured to be driven by the engine 

(12, 12A, 12B) to supply AC power, the frequency of the AC power varying with 

the speed of the engine (12, 12A, 12B); and 
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an electric motor (23) configured to drive the controllable pitch 

thruster (14, 14A, 14B) using the AC power supplied by the alternator (20, 20A, 

20B). 

	

10. 	The marine vessel power system of claim 9, further 

comprising a frequency controller (24) connected to the alternator (20, 20A, 20B) 

and configured to convert the AC power supplied by the alternator (20, 20A, 

20B) and supply the converted AC power to one or more electrical loads (26, 27, 

28). 

	

11. 	The marine vessel power system of any one of claims 1 to 

10, further comprising a pitch control valve (34) operatively coupled to the 

control unit (16, 16A, 16B), wherein the control unit (16, 16A, 16B) is further 

configured to output a valve control command to the pitch control valve (34) to 

set the pitch of the controllable pitch thruster (14, 14A, 14B). 

	

12. 	The marine vessel power system of any one of claims 1 to 

11, further comprising an operator input device (30) configured to receive an 

operator input and to output the thrust command value in accordance with the 

received operator input. 

	

13. 	The marine vessel power system of any one of claims 1 to 

12, comprising: 

a plurality of engines (12A, 12B); and 

a plurality of controllable pitch thrusters (14A, 14B), each of the 

plurality of controllable pitch thrusters (14A, 14B) driveably coupled to a 

corresponding one of the plurality of engines (12A, 12B), 

wherein the control unit (16, 16A, 16B) is configured to: 
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determine a current speed of each of the plurality of 

controllable pitch thrusters (14A, 14B); and 

calculate a pitch of each of the plurality of controllable 

pitch thrusters (14A, 14B) to produce thrust in accordance with the thrust 

command value. 

14. A method of operating a marine vessel power system 

comprising an engine (12) configured to operate at varying speeds and a 

controllable pitch thruster (14) driveably coupled to the engine (12), the method 

comprising: 

receiving a thrust command value that indicates a desired thrust of 

the controllable pitch thruster (14, 14A, 14B); 

determining a current speed of the controllable pitch thruster (14); 

and 

calculating a pitch of the controllable pitch thruster (14) to 

produce thrust in accordance with the thrust command value based on the current 

speed of the controllable pitch thruster. 

15. The method of claim 14, further comprising: 

determining a current engine speed of the engine (12); 

determining an engine load at the current engine speed; and 

varying the engine speed depending on the engine load. 


