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Description

TECHNICAL FIELD

[0001] The present invention relates to marine vessel
propulsion and control systems. More particularly, as-
pects of the invention relate to control circuits and meth-
ods for controlling the movement of a marine vessel hav-
ing waterjet propulsion apparatus.

BACKGROUND

[0002] Marine vessel controls include control over the
speed, heading, trim and other aspects of a vessel’s at-
titude and motion. The controls are frequently operated
from a control station, where an operator uses control
input devices, such as buttons, knobs, levers and hand-
wheels, to provide one or more control input signals to
one ormore actuators. The actuators then typically cause
an action in a propulsion apparatus or a control surface
corresponding to the operator’s input. Control signals can
be generated by an operator, which can be a human or
a machine such as a computer, an auto-pilot or a remote
control system.

[0003] Various forms of propulsion have been used to
propel marine vessels over or through the water. One
type of propulsion system comprises a prime mover, such
as an engine or a turbine, which converts energy into a
rotation that is transferred to one or more propellers hav-
ing blades in contact with the surrounding water. The
rotational energy in a propeller is transferred by con-
toured surfaces of the propeller blades into a force or
"thrust" which propels the marine vessel. As the propeller
blades push water in one direction, thrust and vessel mo-
tion are generated in the opposite direction. Many shapes
and geometries for propeller-type propulsion systems
are known.

[0004] Other marine vessel propulsion systems utilize
waterjet propulsion to achieve similar results. Such de-
vices include a pump, a water inlet or suction port and
an exit or discharge port, which generate a waterjet
stream that propels the marine vessel. The waterjet
stream may be deflected using a "deflector" to provide
marine vessel control by redirecting some waterjet
stream thrust in a suitable direction and in a suitable
amount.

[0005] Insome applications, such as in ferries, military
water craft, and leisure craft, it has been found that pro-
pulsion using waterjets is especially useful. In some in-
stances, waterjet propulsion can provide a high degree
of maneuverability when used in conjunction with marine
vessel controls that are specially-designed for use with
waterjet propulsion systems.

[0006] It is sometimes more convenient and efficient
to construct a marine vessel propulsion system such that
the flow of water through the pump is always in the astern
direction is always in the forward direction. The "forward"
direction 20, or "ahead" direction is along a vector point-
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ing from the stem, or aft end of the vessel, to its bow, or
front end of the vessel. By contrast, the "reverse",
"astern" or "backing" directing is along a vector pointing
in the opposite direction (or 180° away) from the forward
direction. The axis defined by a straight line connecting
a vessel's bow to its stem is referred to herein as the
"major axis" 13 of the vessel. A vessel has only one major
axis. Any axis perpendicular to the major axis 13 is re-
ferred to herein as a "minor axis," e.g., 22 and 25. A
vessel has a plurality of minor axes, lying in a plane per-
pendicular to the major axis. Some marine vessels have
propulsion systems which primarily provide thrust only
along the vessel’'s major axis, in the forward or backward
directions. Other thrust directions, along the minor axes,
are generated with awkward orinefficient auxiliary control
surfaces, rudders, planes, deflectors, etc. Rather than
reversing the direction of the waterjet stream through the
pump, it may be advantageous to have the pump remain
engaged in the forward direction (water flow directed
astern) while providing other mechanisms for redirecting
the water flow to provide the desired maneuvers.
[0007] One example of a device that redirects or de-
flects awaterjet stream is a conventional "reversing buck-
et," found on many waterjet propulsion marine vessels.
A reversing bucket deflects water, and is hence also re-
ferred to herein as a "reversing deflector." The reversing
deflector generally comprises a deflector that is con-
toured to at least partially reverse a component of the
flow direction of the waterjet stream from its original di-
rection to an opposite direction. The reversing deflector
is selectively placed in the waterjet stream (sometimes
in only a portion of the waterjet stream) and acts to gen-
erate a backing thrust, or force in the backing direction.
[0008] A reversing deflector may thus be partially de-
ployed, placing it only partially in the waterjet stream, to
generate a variable amount of backing thrust. By so con-
trolling the reversing deflector and the waterjet stream,
an operator of a marine vessel may control the forward
and backwards direction and speed of the vessel. A re-
quirement for safe and useful operation of marine vessels
is the ability to steer the vessel from side to side. Some
systems, commonly used with propeller-driven vessels,
employ "rudders" for this purpose.

[0009] Other systems for steering marine vessels,
commonly used in waterjet-propelled vessels, rotate the
exit or discharge nozzle of the waterjet stream from one
side to another. Such a nozzle is sometimes referred to
as a "steering nozzle." Hydraulic actuators may be used
to rotate an articulated steering nozzle so that the aftend
of the marine vessel experiences a sideways thrust in
addition to any forward or backing force of the waterjet
stream. The reaction of the marine vessel to the side-to-
side movement of the steering nozzle will be in accord-
ance with the laws of motion and conservation of mo-
mentum principles, and will depend on the dynamics of
the marine vessel design.

[0010] Despite the proliferation of the above-men-
tioned systems, some maneuvers remain difficult to per-
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form in a marine vessel. These include "trimming" the
vessel, docking and other maneuvers in which vertical
and lateral forces are provided.

[0011] It should be understood that while particular
control surfaces are primarily designed to provide force
or motion in a particular direction, these surfaces often
also provide forces in other directions as well. For exam-
ple, a reversing deflector, which is primarily intended to
develop thrust in the backing direction, generally devel-
ops some component of thrust or force in another direc-
tion such as along a minor axis of the vessel. One reason
for this, in the case of reversing deflectors, is that, to
completely reverse the flow of water from the waterjet
stream, (i.e., reversing the waterjet stream by 180°)
would generally send the deflected water towards the aft
surface of the vessel’s hull, sometimes known as the tran-
som. If this were to happen, little or no backing thrust
would be developed, as the intended thrustin the backing
direction developed by the reversing deflector would be
counteracted by a corresponding forward thrust resulting
from the collision of the deflected water with the rear of
the vessel or its transom. Hence, reversing deflectors
often redirect the waterjet stream in a direction that is at
an angle which allows for development of backing thrust,
but at the same time flows around or beneath the hull of
the marine vessel. In fact, sometimes it is possible that
areversing deflector delivers the deflected water stream
in a direction which is greater than 45° (but less than 90°)
from the forward direction.

[0012] Nonetheless, those skilled in the art appreciate
that certain control surfaces and control and steering de-
vices such as reversing deflectors have a primary pur-
pose to develop force or thrust along a particular axis. In
the case of areversing deflector, itis the backing direction
in which thrust is desired.

[0013] Similarly, a rudder is intended to develop force
at the stem portion of the vessel primarily in a side-to-
side or athwart ships direction, even if collateral forces
are developed in other directions. Thus, net force should
be viewed as a vector sum process, where net or result-
ant force is generally the goal, and other smaller compo-
nents thereof may be generated in other directions at the
same time.

[0014] Marine vessel control systems work in conjunc-
tion with the vessel propulsion systems to provide control
over the motion of the vessel. To accomplish this, control
input signals are used that direct and control the vessel
control systems. Control input devices are designed ac-
cording to the application at hand, and depending on oth-
er considerations such as cost and utility.

[0015] One control input device that can be used in
marine vessel control applications is a control stick or
"joystick," which has become a familiar part of many gam-
ing apparatus. A control stick generally comprises atleast
two distinct degrees of freedom, each providing a corre-
sponding electrical signal. For example, as illustrated in
Fig. 2, a control stick 100 may have the ability to provide
a first control input signal in a first direction 111 about a
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neutral or zero position as well as provide a second con-
trol input signal in a second direction 113 about a neutral
or zero position. Other motions are also possible, such
as a plunging motion 115 or a rotating motion 117 that
twists the handle 114 of the control stick 100 about an
axis 115 running through the handle of the control stick
100. Auxiliaries have been used in conjunction with con-
trol sticks and include stick-mounted buttons for example
(not shown).

[0016] To date, most control systems remain unwieldy
and require highly-skilled operation to achieve a satis-
factory and safe result. Controlling a marine vessel typ-
ically requires simultaneous movement of several control
inputdevices to control the various propulsion and control
apparatus that move the vessel. The resulting movement
of marine vessels is usually awkward and lacks an intu-
itive interface to its operator.

[0017] Even present systems employing advanced
control input devices, such as control sticks, are not very
intuitive. An operator needs to move the control sticks of
present systems in a way that provides a one-to-one cor-
respondence between the direction of movement of the
control stick and the movement of a particular control
actuator.

[0018] Examples of systems that employ control sys-
tems to control marine vessels include those disclosed
in U.S. patents 6,234,100 and 6,386,930, in which a
number of vessel control and propulsion devices are con-
trolled to achieve various vessel maneuvers. Also, the
Servo Commander system, by Styr-Kontroll Teknik cor-
poration, comprises a joystick-operated vessel control
system that controls propulsion and steering devices on
waterjet-driven vessels. These and other present sys-
tems have, at best, collapsed the use of several inde-
pendent control input devices (e.g. helm, throttle) into
one device (e.g. control stick) having an equivalent
number of degrees of freedom as the input devices it
replaced.

[0019] Itis known from US 2001/029134 to provide a
system for controlling a marine vessel having first and
second waterjets and corresponding first and second re-
versing buckets, comprising a processor configured to
receive a first vessel control signal and that is configured
to provide a plurality of actuator control signals wherein
the at least one first actuator control signal is to be cou-
pled to and control the first and second waterjets and the
second set of actuator control signals are to be coupled
to and control the first and second reversing buckets.
[0020] A system forcontrolling a marine vessel accord-
ing to the present invention is characterised in that the
processor is configured to provide the second set of ac-
tuator control signals so that the first reversing bucket is
positioned in a first discrete position and so that the sec-
ond reversing bucket is positioned in a second discrete
position, in response to receipt of the first vessel control
signalthatcorresponds to a translational thrust command
having a component in one of port and a starboard di-
rection, and to maintain the first reversing bucket in the
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first discrete position and the second reversing bucket in
the second discrete position for all first vessel control
signals that correspond to the translational thrust com-
mand having a component in the one of the port and the
starboard direction.

[0021] Preferred features of the present invention are
defined in the dependent claims.

[0022] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to Fig-
ures 1t05, 7 and 13 to 32 of the accompanying drawings,
in which:

Figure 1 illustrates an outline of a marine vessel and
various axes and directions of motion referenced
thereto;

Figure 2 illustrates an exemplary embodiment of a
control stick and associated degrees of freedom;
Figure 3 illustrates an exemplary vessel with a dual
waterjet propulsion system and controls therefore;
Figure 4 illustrates another exemplary vessel with a
dual waterjet propulsion system and controls there-
fore;

Figure 5 illustrates an exemplary control apparatus
and associated acutator;

Figure 6 illustrates an exemplary control system (ca-
bling) diagram for a single waterjet propulsion sys-
tem which does not form part of the presentinvention
but which is included for the sake of information only;
Figure 7 illustrates an exemplary control system (ca-
bling) diagram for a dual waterjet propulsion system
according to the present invention;

Figure 8 illustrates an exemplary control processor
unit and exemplary set of signals which does not
form part of the presentinvention but which is includ-
ed for the sake of information only;

Figure 9 illustrates an exemplary set of control func-
tions and signals for a single waterjet vessel corre-
sponding to motion of a control stick in the x-direction
and does not form part of the present invention;
Figure 10 illustrates an exemplary set of control func-
tions and signals for a single waterjet vessel corre-
sponding to motion of a control stick in the y-direction
which does not form part of the present invention;
Figure 11 illustrates an exemplary set of control func-
tions and signals for a single waterjet vessel corre-
sponding to motion of a throttle and helm control ap-
paratus which does not form part of the present in-
vention;

Figure 12 illustrates exemplary manoeuvres provid-
ed by motion of a control stick and helm for a single
waterjet vessel which does not form part of the
present invention;

Figure 13Aillustrates a signal diagram an exemplary
marine vessel control system for a dual waterjet ves-
sel according to the invention;

Fig. 13B illustrates a signal diagram of another em-
bodiment of a marine vessel control system for a
dual waterjet vessel;
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Figs 13C-13D illustrate thrust modulation of a vessel
using the reversing, in part, to accommodate the
thrust modulation according to some embodiments;
Figs 13E-13F illustrate thrust modulation of a vessel
using engine RPMs only and without using, in part,
the reversing bucket;

Fig. 13Gillustrates resulting vessel movement when
modulating the thrust according to the technique il-
lustrated in Figs. 13C-13D;

Fig. 13H illustrates resulting vessel movement when
modulating the thrust according to the technique il-
lustrated in Figs. 13E-13F;

Figs. 14A-C illustrate an exemplary set of (port) con-
trol functions and signals of the vessel control system
corresponding to motion of a control stick in the x-
direction, for a dual waterjet vessel;

Figs. 14D-F illustrate another exemplary set of (port)
control functions and signals of the vessel control
system corresponding to motion of a control stick in
the x-direction, for a dual waterjet vessel;

Figs. 15A-C illustrate an exemplary set of (starboard)
control functions and signals of the vessel control
system corresponding to motion of a control stick in
the x-direction, for a dual waterjet vessel;

Figs. 15D-F illustrates another exemplary set of
(starboard) control functions and signals of the ves-
sel control system corresponding to motion of a con-
trol stick in the x-direction, for a dual waterjet vessel;
Fig. 16 illustrates an exemplary set of (port) control
functions and signals for a dual waterjet vessel cor-
responding to motion of a control stick in the y-direc-
tion;

Fig. 17 illustrates an exemplary set of (starboard)
control functions and signals for a dual waterjet ves-
sel corresponding to motion of a control stick in the
y-direction;

Fig. 18 illustrates an exemplary set of control func-
tions and signals for a dual waterjet vessel corre-
sponding to motion of a helm control apparatus;
Fig. 19 illustrates an exemplary set of control func-
tions and signals for a dual waterjet vessel corre-
sponding to motion of a throttle control apparatus;
Fig. 20illustrates exemplary maneuvers provided by
motion of a control stick and helm for a dual waterjet
vessel;

Fig. 21 illustrates an exemplary subset of motions of
an integral reversing bucket and steering nozzle;
Fig. 22 illustrates thrust and water flow directions
from the integral reversing bucket and steering noz-
zle of Fig. 21;

Fig. 23 illustrates plots of thrust angle versus nozzle
angle for the integral reversing bucket and steering
nozzle assembly of Fig. 21;

Fig. 24 illustrates an exemplary subset of motions of
a laterally-fixed reversing bucket and steering noz-
zle;

Fig. 25 illustrates thrust and water flow directions
from the laterally-fixed reversing bucket and steering
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nozzle of Fig. 24;

Fig. 26 illustrates plots of thrust angle versus nozzle
angle for the laterally-fixed reversing bucket and
steering nozzle assembly of Fig. 24;

Fig. 27 illustrates an alternate embodiment of a ves-
sel control apparatus to be used with embodiments
of marine vessel control system of this disclosure,
and resulting vessel maneuvers;

Fig. 28 illustrates a control system (cabling) diagram
for an alternative embodiment of a dual waterjet pro-
pulsion system, with a remote control interface;
Fig. 29 illustrates an exemplary signal diagram for
the embodiment of the marine vessel control system
for a dual waterjet vessel, with a remote control in-
terface of Fig. 28;

Fig. 30 illustrates a signal diagram of one exemplary
embodiment of a marine vessel control system for a
vessel comprising dual waterjets and bow thruster;
Figs. 31A-Dillustrates maneuvers resulting from mo-
tion of a control stick and helm for the embodiment
of the marine vessel control system of Fig. 30;

Fig. 32 illustrates a signal diagram of another em-
bodiment of a marine vessel control system for a
vessel comprising dual waterjets and bow thruster;

DETAILED DESCRIPTION

[0023] In view of the above discussion, and in view of
other considerations relating to design and operation of
marine vessels, it is desirable to have a marine vessel
control system which can provide forces in a plurality of
directions, such as a trimming force, and which can con-
trol thrust forces in a safe and efficient manner. Some
aspects of the present invention generate or transfer
force from a waterjet stream, initially flowing in a first di-
rection, into one or more alternate directions. Other as-
pects provide controls for such systems.

[0024] Aspects of marine vessel propulsion, including
trim control, are described further in pending U.S. Patent
Application, serial number 10/213,829, which is hereby
incorporated by reference inits entirety. In addition, some
or all aspects of the present invention apply to systems
using equivalent or similar components and arrange-
ments, such as outboard motors instead of jet propulsion
systems and systems using various prime movers not
specifically disclosed herein.

[0025] Priorto a detailed discussion of various embod-
iments of the present invention, it is useful to define cer-
tain terms that describe the geometry of a marine vessel
and associated propulsion and control systems. Fig. 1
illustrates an exemplary outline of a marine vessel 10
having a forward end called a bow 11 and an aft end
called a stem 12. A line connecting the bow 11 and the
stern 12 defines an axis hereinafter referred to the marine
vessel's major axis 13. A vector along the major axis 13
pointing along a direction from stem 12 to bow 11 is said
to be pointing in the ahead or forward direction 20. A
vector along the major axis 13 pointing in the opposite
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direction (180° away) from the ahead direction 20 is said
to be pointing in the astern or reverse or backing direction
21.

[0026] The axis perpendicular to the marine vessel’s
major axis 13 and nominally perpendicular to the surface
of the water on which the marine vessel rests, is referred
to herein as the vertical axis 22. The vector along the
vertical axis 22 pointing away from the water and towards
the sky defines an up direction 23, while the oppositely-
directed vector along the vertical axis 22 pointing from
the sky towards the water defines the down direction 24.
It is to be appreciated that the axes and directions, e.g.
the vertical axis 22 and the up and down directions 23
and 24, described herein are referenced to the marine
vessel 10. In operation, the vessel 10 experiences motion
relative to the water in which it travels. However, the
present axes and directions are not intended to be ref-
erenced to Earth or the water surface.

[0027] The axis perpendicular to both the marine ves-
sel's major axis 13 and a vertical axis 22 is referred to
as an athwartships axis 25. The direction pointing to the
left of the marine vessel with respect to the ahead direc-
tion is referred to as the port direction 26, while the op-
posite direction, pointing to the right of the vessel with
respect to the forward direction 20 is referred to as the
starboard direction 27. The athwartships axis 25 is also
sometimes referred to as defining a "side-to-side" force,
motion, or displacement. Note that the athwartships axis
25 and the vertical axis 22 are not unique, and that many
axes parallel to said athwartships axis 22 and vertical
axis 25 can be defined.

[0028] With this the three most commonly-referenced
axes of a marine vessel have been defined. The marine
vessel 10 may be moved forward or backwards along
the major axes 13 in directions 20 and 21, respectively.
This motion is usually a primary translational motion
achieved by use of the vessels propulsion systems when
traversing the water as described earlier. Other motions
are possible, either by use of vessel control systems or
due to external forces such as wind and water currents.
Rotational motion of the marine vessel 10 about the
athwartships axis 25 which alternately raises and lowers
the bow 11 and stem 12 is referred to as pitch 40 of the
vessel. Rotation of the marine vessel 10 about its major
axis 13, alternately raising and lowering the port and star-
board sides of the vessel is referred to as roll 41. Finally,
rotation of the marine vessel 10 about the vertical axis
22 is referred to as yaw 42. An overall vertical displace-
ment of the entire vessel 10 that moves the vessel up
and down (e.g. due to waves) is called heave.

[0029] In waterjet propelled marine vessels a waterjet
is typically discharged from the aft end of the vessel in
the astern direction 21. The marine vessel 10 normally
has a substantially planar bulkhead or portion of the hull
at its aft end referred to as the vessel’s transom 30. In
some small craft an outboard propeller engine is mounted
to the transom 30.

[0030] Fig. 2 illustrates an exemplary vessel control
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apparatus 100. The vessel control apparatus 100 can
take the form of an electro-mechanical control apparatus
such as a control stick, sometimes called a joystick. The
control stick generally comprises a stalk 112, ending in
a handle 114. This arrangement can also be thought of
as a control lever. The control stick also has or sits on a
support structure 118, and moves about one or more
articulated joints 116 that permit one or more degrees of
freedom of movement of the control stick. lllustrated are
some exemplary degrees of freedom or directions of mo-
tion of the vessel control apparatus 100. The "y" direction
113 describes forward-and-aft motion of the vessel con-
trol apparatus. The "x" direction 111 describes side-to-
side motion of the vessel control apparatus 100. Itis also
possible in some embodiments to push or pull the handle
114 vertically with respect to the vessel to obtain a vessel
control apparatus 100 motion in the "z" direction 115. It
is also possible, according to some embodiments, to twist
the control stick along a rotary degree of freedom 117 by
twisting the handle 114 clockwise or counter-clockwise
about the z-axis.

[0031] Referringto Fig. 3, a waterjet propulsion system
and control system for a dual waterjet driven marine ves-
sel are illustrated. The figure illustrates a twin jet propul-
sion system, having a port propulsor or pump 150P and
a starboard propulsor 1508 that generate respective wa-
terjet streams 151P and 151S. Both the port and star-
board devices operate similarly, and will be considered
analogous in the following discussions. Propulsor or
pump 150 drives waterjet stream 151 from an intake port
(not shown, near 156) to nozzle 158. Nozzle 158 may be
designed to be fixed or articulated, in which case its mo-
tion is typically used to steer the vessel by directing the
exit waterjet stream to have a sideways component. The
figure also illustrates reversing deflector or bucket 154
that is moved by a control actuator 152. The control ac-
tuator 152 comprises a hydraulic piston cylinder arrange-
ment for pulling and pushing the reversing deflector 154
into and out of the waterjet stream 151P. The starboard
apparatus operates similar to that described with regard
to the port apparatus, above.

[0032] The overall control system comprises electrical
as well as hydraulic circuits thatincludes a hydraulic pow-
er unit 141. The hydraulic power unit 141 may comprise
various components required to sense and deliver hy-
draulic pressure to various actuators. For example, the
hydraulic unit 141 may comprise hydraulic fluid reservoir
tanks, filters, valves and coolers. Hydraulic pumps 144P
and 144S provide hydraulic fluid pressure and can be
fixed or variable-displacement pumps. Actuator control
valve 140 delivers hydraulic fluid to and from the actua-
tors, e.g. 152, to move the actuators. Actuator control
valve 140 may be a proportional solenoid valve that
moves in proportion to a current or voltage provided to
its solenoid to provide variable valve positioning. Return
paths are provided for the hydraulic fluid returning from
the actuators 152. Hydraulic lines, e.g. 146, provide the
supply and return paths for movement of hydraulic fluid
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in the system. Of course, many configurations and sub-
stitutions may be carried outin designing and implement-
ing specific vessel control systems, depending on the
application, and that described in regard to the present
embodiments is only illustrative.

[0033] The operation of the electro-hydraulic vessel
control system of Fig. 3 is as follows. A vessel operator
moves one or more vessel control apparatus. For exam-
ple, the operator moves the helm 120, the engine throttle
controller 110 or the control stick 100. Movement of said
vessel control apparatus is in one or more directions,
facilitated by one or more corresponding degrees of free-
dom. The helm 120, for example, may have a degree of
freedom to rotate the wheel in the clockwise direction
and in the counter-clockwise direction. The throttle con-
troller 110 may have a degree of freedom to move for-
ward-and-aft, in a linear, sliding motion. The control stick
100 may have two or more degrees of freedom and de-
flects from a neutral center position as described earlier
with respect to Fig. 2.

[0034] The movement of one or more of the vessel
control apparatus generates an electrical vessel control
signal. The vessel control signal is generated in any one
of many knownways, such as by translating a mechanical
movement of a wheel or lever into a corresponding elec-
trical signal through a potentiometer. Digital techniques
as well as analog techniques are available for providing
the vessel control signal and are within the scope of this
disclosure.

[0035] The vessel control signal is delivered to a con-
trol processor unit 130 which comprises at least one proc-
essor adapted for generating a plurality of actuator con-
trol signals from the vessel control signal. The electrical
lines 132 are input lines carrying vessel control signals
from the respective vessel control apparatus 100, 110
and 120. The control processor unit 130 may also com-
prise a storage member that stores information using any
suitable technology. For example, a data table holding
data corresponding to equipment calibration parameters
and set points can be stored in a magnetic, electrostatic,
optical, or any other type of unit within the control proc-
essor unit 130.

[0036] Other input signals and output signals of the
control processor unit 130 include outputlines 136, which
carry control signals to control electrically-controlled ac-
tuator control valve 140. Also, control processor unit 130
receives input signals on lines 134 from any signals of
the control system to indicate a position or status of that
part. These input signals may be used as a feedback in
some embodiments to facilitate the operation of the sys-
tem or to provide an indication to the operator or another
system indicative of the position or status of that part.
[0037] Fig. 4 illustrates another exemplary embodi-
ment of a dual jet driven propulsion and control system
for a marine vessel and is similar to Fig. 3 except that
the system is controlled with only ahelm 120 and a control
stick 100. It is to be appreciated that throughout this de-
scription like parts have been labeled with like reference
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numbers, and a description of each part is not always
repeated for the sake of brevity. For this embodiment,
the functions of the throttle controller 110 of Fig. 3 are
subsumed in the functions of the control stick 100. Out-
puts 133 "To Engine" allow for control of the input RPM
of pumps 150P and 150S. In some embodiments, the
steering nozzles 158 may be controlled from the control
stick 100 as well.

[0038] Fig. 5illustrates an example of a control device
and associated actuator. A waterjet stream is produced
at the outlet of a waterjet pump as described earlier, or
is generated using any other water-drive apparatus. A
waterjet propulsion system moves a waterjet stream
3101 pumped by a pump (also referred to herein as a
propulsor, or a means for propelling water to create the
waterjet) through waterjet housing 3132 and out the aft
end of the propulsion system through an articulated
steering nozzle 3102.

[0039] The fact that the steering nozzle 3102 is artic-
ulated to move side-to-side will be explained below, but
this nozzle 3102 may also be fixed or have another con-
figuration as used in various applications. The waterjet
stream exiting the steering nozzle 3102 is designated as
3101A.

[0040] Fig. 5 also illustrates a laterally-fixed reversing
bucket 3104 and trim deflector 3120 positioned to allow
the waterjet stream to flow freely from 3101 to 3101A,
thus providing forward thrust for the marine vessel. The
forward thrust results from the flow of the water in a di-
rection substantially opposite to the direction of the thrust.
Trim deflector 3120 is fixably attached to reversing de-
flector 3104 in this embodiment, and both the reversing
deflector 3104 and the trim deflector 3120 rotate in unison
about a pivot 3130.

[0041] Otherembodiments of a reversing deflector and
trim deflector for a waterjet propulsion system are illus-
trated in commonly-owned, co-pending U.S. patent ap-
plication, serial number 10/213,829, which is hereby in-
corporated by reference in its entirety.

[0042] The apparatus for moving the integral reversing
deflector and trim deflector comprises a hydraulic actu-
ator 3106, comprising a hydraulic cylinder 3106Ain which
travels a piston and a shaft 3106B attached to a pivoting
clevis 3106C. Shaft 3106B slides in and out of cylinder
3106A, causing a corresponding raising or lowering of
the integral reversing deflector and trim deflector appa-
ratus 3700, respectively.

[0043] It can be appreciated from Fig. 5 that progres-
sively lowering the reversing deflector will provide pro-
gressively more backing thrust, until the reversing de-
flector is placed fully in the exit stream 3101A, and full
reversing or backing thrust is developed. In this position,
trim deflector 3120 is lowered below and out of the exit
stream 3101A, and provides no trimming force.

[0044] Similarly, if the combined reversing deflector
and trim deflector apparatus 3700 is rotated upwards
about pivot 3130 (counter clockwise in Fig. 5) then the
trim deflector 3120 will progressively enter the exiting
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water stream 3101A, progressively providing more trim-
ming force. In such a configuration, the reversing deflec-
tor 3104 will be raised above and out of waterjet exit
stream 3101A, and reversing deflector 3104 will provide
no force.

[0045] However, it is to be understood that various
modifications to the arrangement, shape and geometry,
the angle of attachment of the reversing deflector 3104
and the trim deflector 3120 and the size of the reversing
deflector 3104 and trim deflector 3120 are possible, as
described for example in co-pending US patent applica-
tion, serialnumber 10/213829. Itis also to be appreciated
that although such arrangements are not expressly de-
scribed herein for all embodiments, but that such modi-
fications are nonetheless intended to be within the scope
of this disclosure.

[0046] Steering nozzle 3102 is illustrated in figure 5 to
be capable of pivoting about a trunion or a set of pivots
3131 using a hydraulic actuator. Steering nozzle 102 may
be articulated in such a manner as to provide side-to-
side force applied at the waterjet by rotating the steering
nozzle 3102, thereby developing the corresponding side-
ways force that steers the marine vessel. This mecha-
nism works even when the reversing deflector 3104 is
fully deployed, as the deflected water flow will travel
through the port and/or starboard sides of the reversing
deflector 3104. Additionally, the steering nozzle 3102 can
deflect side-to-side when the trim deflector 3120 is fully
deployed.

[0047] Figure6 illustrates an exemplary control system
diagram for a single waterjet driven marine vessel having
one associated steering nozzle and one associated re-
versing bucket as well as a bow thruster 200 that does
not form part of the present invention but which is includ-
ed for the purpose of information- The diagram illustrates
a vessel control stick 100 (joystick) and a helm 120 con-
nected to provide vessel control signals to a control proc-
essor unit 130 (control box). The vessel control unit 130
provides actuator control signals to a number of devices
and actuators and receives feedback signals from a
number of actuators and devices. The figure only illus-
trates a few such actuators and devices, with the under-
standing that complete control of a marine vessel is a
complex procedure that can involve any number of con-
trol apparatus (not illustrated) and depends on a number
of operating conditions and design factors. Note that the
figure is an exemplary cabling diagram, and as such,
some lines are shown joined to indicate that they share
a common cable and not to indicate that they are
branched or carry the same signals.

[0048] One output signal of the control processor unit
130 is provided, on line 141A, to a reversing bucket pro-
portional solenoid valve 140A. The bucket proportional
solenoid valve 140A has coils, indicated by 'a’ and ’b’
that controlthe hydraulic valve ports to move fluid through
hydraulic lines 147A to and from reversing bucket actu-
ator 152. The reversing bucket actuator 152 can retract
or extend to move the reversing bucket 154 up or down
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to appropriately redirect the waterjet stream and provide
forward or reversing thrust.

[0049] Anotheroutputofthe control processor unit 130,
online 141B, is provided to the nozzle proportional valve
140B. The nozzle proportional valve 140B has cails, in-
dicated by 'a’ and’b’ that control the hydraulic valve ports
to move fluid through hydraulic lines 147B to and from
nozzle actuator 153. The nozzle actuator 153 can retract
or extend to move the nozzle 158 from side to side control
the waterjet stream and provide a turning force.

[0050] Additionally, an outputon line 203 of the control
processor unit 130 provides an actuator control signal to
control a prime mover, or engine 202. As stated earlier,
an actuator may be any device or clement able to actuate
or set an actuated device. Here the engine’s rotation
speed (RPM) or another aspect of engine power or
throughput may be so controlled using a throttle device,
which may comprise any of a mechanical, e.g. hydraulic,
pneumatic, or electrical device, or combinations thereof.
[0051] Also, a bow thruster 200 (sometimes referred
to merely as a "thruster") is controlled by actuator control
signal provided on output line 201 by the control proces-
sor unit 130. The actuator control signal on line 201 is
provided to a bow thruster actuator to control the bow
thruster 200. Again, the bow thruster actuator may be of
any suitable form to translate the actuator control signal
on line 201 into a corresponding movement or action or
state of the bow thruster 200. Examples of thruster ac-
tions include speed of rotation of an impeller and/or di-
rection of rotation of the impeller.

[0052] According to an aspect of the control system,
an autopilot 138, as known to those skilled in the art, can
provide a vessel control signal 137 to the control proc-
essor unit 130, which can be used to determine actuator
control signals. For example, the autopilot 138 can be
used to maintain a heading or a speed. Itis to be appre-
ciated that the autopilot 138 can also be integrated with
the control processor unit 130 and that the control proc-
essor unit 130 can also be programmed to comprise the
autopilet 138.

[0053] Fig. 7 illustrates a control system for a marine
vessel having two waterjets, two nozzles, 158P and
158S, and two reversing buckets, 152P and 152S. The
operation of this system is similar to that of Fig. 6, and
like parts have been illustrated with like reference num-
bers and a description of such parts is omitted for the
sake of brevity. However, this embodiment of the control
processor unit 130 generates more output actuator con-
trol signals based on the input vessel control signals re-
ceived from vessel control apparatus 100 and 120. Spe-
cifically, the operation of a vessel having two or more
waterjets, nozzles, reversing buckets, etc. use a different
set of algorithms, for example, stored within control proc-
essor unit 130, for calculating or generating the output
actuator control signals provided by the control processor
unit 130. Such algorithms can take into account the de-
sign of the vessel, and the number and arrangement of
the control surfaces and propulsion apparatus.
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[0054] We now look at a more detailed view of the na-
ture of the signals provided to and produced by the control
processor unit 130. Figure 8 illustrates a portion of a con-
trol processor unit 130A with a dashed outline, symboli-
cally representing an exemplary set of signals and func-
tions processed and provided by the control processor
unit 130 for a marine vessel having a single waterjet pro-
pulsor apparatus. As described earlier, the control proc-
essor unit receives one or more input signals from one
or more vessel control apparatus e.g. 100, 110, and 120.
[0055] Control stick 100 is a joystick-type vessel con-
trol apparatus, having two degrees of freedom (x and y)
which provide corresponding output vessel control sig-
nals VCx and Vcy. Each of the vessel control signals VCx
and Vcy can be splitinto more than one branch e.g. VCx1,
VCx2 and VCx3 depending on how many functions are
to be carried out and how many actuators are to be con-
trolled with each of the vessel control signals VCx and
Vcy.

[0056] The helm 120 is a vessel control apparatus and
has one degree of freedom and produces a vessel control
signal VCh corresponding to motion of the helm wheel
along a rotary degree of freedom (clockwise or counter-
clockwise).

[0057] Throttle control 110 is a vessel control appara-
tus and has one degree of freedom and produces a ves-
sel control signal VCt corresponding to motion of the
throttle control 110 along a linear degree of freedom.
[0058] According to one aspect of the invention, each
vessel control signal is provided to the control processor
unit 130 and is used to produce at least one correspond-
ing actuator control signal. Sometimes more than one
vessel control signal are processed by control processor
unit 130 to produce an actuator control signal.

[0059] According to Figure 8 which does not form part
of the present invention, the x-axis vessel control signal
VCx provided by the control stick 100 is split to control
three separate device actuators, a bow thruster actuator,
a prime mover engine RPM actuator and a waterjet noz-
zle position actuator (devices and actuators not shown).
The vessel control signal VCx is split into three vessel
control branch signals, VCx1, VCx2 and VCx3. The
branch signals can be thought of as actually splitting up
by a common connection from the main vessel control
signal VCx or derived in some other way that allows the
vessel control signal VCx to be used three times. Vessel
control branch signal VCx1 is equal to the vessel control
signal VCx and is input to a bow thruster RPM and direc-
tion module 180 that is adapted for calculating actuator
signal AC1 to control the RPM and direction of motion of
the bow thruster. In one version of the bow thruster RPM
and direction module 180, processor module 130A is pro-
vided with a look-up table (LUT) which determines the
end-points of the functional relationship between the in-
put vessel control branch signal VCx1 and the output
actuator control signal AC1.

[0060] Processor module 130A may be one of several
processing modules that comprise the control processor
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unit 130. Many other functions, such as incorporation of
a feedback signal from one or more actuators can be
performed by the processors 130, 130A as well. The sig-
nals shown to exit the processor module 130A are only
illustrative and may be included with other signals to be
processed in some way prior to delivery to an actuator.
Note that in some embodiments of the processor module
130Athere is no difference, or substantially no difference,
between the vessel control signal VCx and the associat-
ed vessel control branch signals (e.g., VCx1, VCx2 and
VCx3), and they will all be generally referred to herein
as vessel control signals. One of skill in the art would
envision thatthe exactsignals inputinto the function mod-
ules of a control processor unit can be taken directly from
the corresponding vessel control apparatus, or could be
pre-processed in some way, for example by scaling
through an amplifier or by converting to or from any of a
digital signal and an analog signal using a digital-to-an-
alog or an analog-to-digital converter.

[0061] While various embodiments described herein
present particular implementations of the control proces-
sor unit 130 and the various associated modules which
functionally convert input vessel control signals to actu-
ator control signal outputs, it should be understood that
the invention is not limited to these illustrative embodi-
ments. For example, the modules and control processor
unit 130 may be implemented as a processor comprising
semiconductor hardware logic which executes stored
software instructions. Also, the processor and modules
may be implemented in specialty (application specific)
integrated circuits ASICs, which may be constructed on
a semiconductor chip. Furthermore, these systems may
be implemented in hardware and/or software which car-
ries out a programmed set of instructions as known to
those skilled in the art.

[0062] The waterjet prime mover (engine) RPM is con-
trolled in the following way. Vessel control branch signal
VCx2, which is substantially equal to the vessel control
signal VCx is provided to engine RPM module 181 that
is adapted for calculating a signal AC21. In addition, ves-
sel control signal VCy is used to obtain vessel control
branch signal VCy1 that is provided to engine RPM mod-
ule 183, which determines and provides an output signal
AC22. Further, throttle control apparatus 110, provides
vessel control signal VCt, that is provided to engine RPM
module 186 that determines and provides an output sig-
nal AC23. The three signals AC21, AC22 and AC23 are
provided to a selector 170 that selects the highest of the
three signals. The highest of AC21, AC22 and AC23 is
provided as the actuator control signal AC2 that controls
the engine RPM. It is to be appreciated that, although
engine RPM modules 181, 183 and 186 have been illus-
trated as separate modules, they can be implemented
as one module programmed to perform all three func-
tions, such as a processor programmed according to the
three illustrated functions.

[0063] It should also be pointed out that the system
described above is only exemplary. Other techniques for
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selecting or calculating actuator control signal AC2 are
possible. For example, it is also possible to determine
averages or weighted averages of input signals, or use
other or additional input signals, such as feedback sig-
nals to produce AC2. It is also to be appreciated that,
depending on the desired vessel dynamics and vessel
design, other function modules and selectors may be im-
plemented within control processor unit 130 as well.
[0064] As mentioned above, control stick 100 produc-
es vessel control signal VCy when the control stick 100
is moved along the y-direction degree of freedom as pre-
viously mentioned. According to another aspect of this
embodiment, reversing bucket position module 184 re-
ceives vessel control signal VCy and calculates the ac-
tuator control signal AC3. The signal AC3 is provided to
the reversing bucket actuator (not shown). Signal AC3
may be an input to a closed-loop position control circuit
wherein signal AC3 corresponds to a commanded posi-
tion of the reversing bucket actuator, provided directly or
indirectly, to cause the reversing bucket to be raised and
lowered, as described earlier. Reference is made to Fig.
6, in which signals 134A and 134B are feedback signals
from the reversing bucket actuator 152 and the nozzle
actuator 153, respectively. More detailed descriptions of
the construction and operation of closed-loop feedback
circuits in marine vessel control systems are provided in
the patent applications referenced earlier in this section,
which are hereby incorporated by reference.

[0065] According to another aspect of the invention,
input signals are taken from each of the control stick 100
and the helm 120 to operate and control the position of
the waterjet nozzle (not shown). Vessel control signals
VCx3 and VCh are provided to nozzle position modules
182 and 186, which generate signals AC41 and AC42
respectively. The signals AC41 and AC42 are summed
in a summing module 172 to produce the nozzle position
actuator control signal AC4. Note that the summing mod-
ule 172 can be replaced with an equivalent or other func-
tion, depending on the application.

[0066] The previous discussion has illustrated that al-
gorithms can be implemented within the control proces-
sor unit 130, and are in some embodiments carried out
using function modules. This description is conceptual
and should be interpreted generally, as those skilled in
the art recognize the possibility of implementing such a
processing unit in a number of ways. These include im-
plementation using a digital microprocessor that receives
the input vessel control signals or vessel control branch
signals and performs a calculation using the vessel con-
trol signals to produce the corresponding output signals
or actuator control signals. Also, analog computers may
be used which comprise circuitelements arranged to pro-
duce the desired outputs. Furthermore, look-up tables
containing any or all of the relevant data points may be
stored in any fashion to provide the desired output cor-
responding to an input signal.

[0067] Key data points on the plots of the various func-
tions relating the inputs and outputs of the function mod-
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ules are indicated with various symbols, e.g. solid circles,
plus signs and circles containing plus signs. These rep-
resent different modes of calibration and setting up of the
functions and will be explained below.

[0068] Specific examples of the algorithms for gener-
ating the previously-described actuator control signals
for single-waterjet vessels are given in Figures 9 to 11.
These do not form part of the present invention but are
given by way of example only.

[0069] Figure 9(a)illustratesthe bow thruster RPM and
direction module 180, the engine RPM module 181, and
the nozzle position module 182 in further detail. Each of
these modules receives as an input signal due to motion
of the control stick 100 along the x-direction or x-axis. As
mentioned before, such motion generates a vessel con-
trol signal VCx that is split into three signals VCx1, VCx2
and VCx3. The thruster RPM and direction of thrust mod-
ule 180 converts vessel control branch signal VCx1 into
a corresponding actuator control signal AC1. According
to one variation, module 180 provides a linear relation-
ship between the input VCx1 and the output AC1. The
horizontal axis shows the value of VCx1 with a neutral
(zero) position at the centre with port being to the left of
centre and starboard ('STBD’) being to the right of centre
in the figure. An operator moving the control stick 100 to
port will cause an output to generate a control signal to
drive the bow thruster in a to-port direction. The amount
of thrust generated by the bow thruster 200 (see Figure
6) is dictated in part by the bow thruster actuator and is
according to the magnitude of the actuator control signal
AC1 along the y-axis in module 180. Thus, when no de-
flection of the control stick 100 is provided, zero thrust is
generated by the bow thruster 200. Operation to-star-
board is analogous to that described above in regard to
the to-port movement.

[0070] Itis to be appreciated that the bow thruster 200
can beimplemented in anumber of ways. The bow thrust-
er 200 can be of variable speed and direction or can be
of constant speed and variable direction. The bow thrust-
er 200 may also be an electrically-driven propulsor whose
speed and direction of rotation are controlled by a signal
which is proportion to or equal to actuator control signal
AC1. The precise form of this function is determined by
preset configuration points typically set at the factory.
[0071] Figure 9(b) illustrates the relationship between
waterjet prime mover engine RPM and the vessel control
signal VCx2. Engine RPM module 181 receives vessel
control signal (or branch signal) VCx2 and uses a group
of pre-set data points relating the vessel control signal
inputs to actuator control signal outputs to compute a
response. Simply put, for control stick 100 movements
near the neutral x=0 centre position, engine RPM control
module provides an engine RPM control signal having
an amplitude that is minimal, and consists of approxi-
mately idling the engine at its minimal value. This may
be true for some interval of the range of the control stick
100 in the x-direction about the centre position as shown
in the figure, or may be only true for a point at or near
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the centre position.

[0072] The figure also shows that, according to one
version of the module 180, moving the control stick 100
to its full port or full starboard position generates the re-
spective relative maximum engine RPM actuator control
signal AC21. While the figure shows the port and star-
board signals as symmetrical, they may be asymmetrical
to some extent if dictated by some design or operational
constraint that so makes the vessel or its auxiliary equip-
ment or load asymmetrical with respect to the x-axis. The
precise form of this function is determined by preset con-
figuration points typically set at the factory or upon instal-
lation.

[0073] Figure 9(c) illustrates the relation between the
vessel control signal VCx3 and the discharge nozzle po-
sition. Nozzle position module 182 generates an output
actuator control signal AC41 based on the x-axis position
of the control stick 100. The nozzle actuator (not shown)
moves the nozzle in the port direction in proportion to an
amount of deflection of the control stick 100 along the x-
axis in the port direction and moves the nozzle in the
starboard direction in proportion to an amount of deflec-
tion of the control stick 100 along the x-axis in the star-
board direction. The precise function and fixed points
therein are calibrated based on an optimum settings pro-
cedure and may be performed dock-side by the operator
or underway, as will be described in more detail below.
[0074] Figures 10(a,b) illustrate the engine RPM mod-
ule 183 and the bucket position module 184 in further
detail. Each of these modules receives an input signal
Vcy taken the control stick 100 when moved along the
y-direction. Figure 10(a) illustrates a vessel control
branch signal Vcy1 which is provided to engine RPM
module 183, which in turn computes an output signal
AC22. Said output signal AC22 provides a control signal
AC2 to the waterjet engine RPM actuator (not shown).
Signal AC22 is combined with other signals, as discussed
earlier, to provide the actual actuator control signal AC2.
According to this version of the engine RPM module, the
engine RPM is set to a low (idle) speed at or around the
y=0 control stick position. Also, the extreme y-positions
of the control stick result in relative maxima of the engine
RPM. It should be pointed out that this function is not
symmetrical about the y=0 position, due to a loss of ef-
ficiency with the reversing bucket deployed, and depends
upon calibration of the system at the factory.

[0075] Figure 10(b) illustrates the effect of control stick
100 movement along the y-axis on the reversing bucket
position. A vessel control signal VCy2 is plotted on the
horizontal axis depicting module 184. When moved to
the ’back’ or afr position, actuator control sign AC3, pro-
vided by module 184, causes a full-down movement of
the reversing bucket 154 (not shown), thus providing re-
versing thrust. When the control stick 100 is moved fully
forward in the y-ditection, actuator control signal AC3
cause a full-up movement of the reversing bucket 154.
The reversing bucket 154 reaches its maximum up or
down positions prior to reaching the full extreme range
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of motion in the y-direction of the control stick 100. These
’shoulder points’ are indicated for the up and down posi-
tions by numerals 184A and 184B, respectively. The
piecewise linear range between points 184A and 184B
approximately coincide with the idle RPM range of mod-
ule 183. This allows for fine thrust adjustments around
the neutral bucket position while higher thrust values in
the ahead and astern directions are achieved by increas-
ing the engine RPM when the control stick is moved out-
side of the shoulder points. It can be seen that the centre
y-axis position of control stick 100 is not necessarily as-
sociated with a zero or neutral reversing bucket position.
In the case of Figure 10(b), the zero y-axis position cor-
responds to a slightly down position 184C of the reversing
bucket 154.

[0076] Figure 11(a)illustrates the nozzle position func-
tion module 185 in further detail. This module receives
an input from the vessel control signal VCh and provides
as output the actuator control signal AC42. Nozzle posi-
tion function module 185 determines output signal AC42
to be used in the control of the waterjet discharge nozzle
158 (not shown). The signal AC42 can be used as one
of several components that are used to determine actu-
ator control signal AC4, or can be used itself as the ac-
tuator control signal AC4.

[0077] The nozzle position function module 185 has a
linear relationship between the input signal VCh, re-
ceived from the helm 120, and the output signal AC42,
which can be determined by underway or dock-side auto
calibration to select the end points or linear function. In-
termediate values can be computed using known func-
tional relationships for lines or by interpolation from the
two end points.

[0078] Fig. 11(b) illustrates the engine RPM function
module 186 in further detail. The figure also illustrates
the relationship between the throttle controller signal VCt
and the engine RPM actuator signal AC23. As before, a
vessel control signal VCt is taken from the vessel control
apparatus (throttle controller) 110. The function module
186 converts the input signal VCt into an output signal
AC23 which is used to determine the engine RPM actu-
ator control signal AC2. The throttle controller 110 has a
full back position, which sends a signal to the engine
RPM actuator to merely idle the engine at its lowest
speed. At the other extreme, when the throttle controller
110isin the full-ahead position, the engine RPM function
module 186 provides a signal to the engine RPM actua-
tor, which is instructed to deliver maximum engine revo-
lutions. Note that the exact points on this curve are cal-
ibrated at the factory and are used in conjunction with
other vessel control inputs to determine the final control
signal that is sent to the engine RPM actuator AC2, as
shown in Fig. 8.

[0079] Key points used in the plurality of functional
modules are either pre-programmed at manufacture, or
are selected and stored based on a dock-side or under-
way calibration procedure. The key points may be used
as parameters in computing the functional relationships,
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e.g. using polynomials with coefficients, or are the end-
points of a line segment which are used to interpolate
and determine the appropriate function output.

[0080] A single waterjet vessel control is provided, as
illustrated in Fig. 12. By way of example, three exemplary
motions of the helm 120, and five exemplary motions of
the control stick 100 are shown. The control stick 100
has two degrees of freedom (x and y). It is to be appre-
ciated that numerous other helm 120 and control stick
100 positions are possible but are not illustrated for the
sake of brevity. The figure shows the helm in the turn-to-
port, inthe ahead (no turning) andin the turn-to-starboard
positions in the respective columns of the figure. The
helm 120 can of course be turned to other positions than
those shown.

[0081] Fig. 12(a) illustrates that if the control stick 100
is placed in the full ahead position and the helm 120 is
turned to port then the vessel will turn to port. Because
the control stick is in the +y position, and not moved along
the x-direction, the bow thruster 200 is off (see Fig. 9(a)),
the engine RPM is high (see Fig. 10(a), heavy waterjet
flow is shown aft of vessel in Fig. 12(a)) and the reversing
bucket is raised (see Fig. 10(b)). Engine RPM is high
because the highest signalis selected by selector module
170. Because the helm is in the turn-to-port position
(counter-clockwise) the steering nozzle 158 is in the turn-
to-port direction (see Fig. 11(a)). It is to be appreciated
that no separate throttle controller 110 is used or needed
in this example. As illustrated in Fig. 12(a), the vessel
moves along a curved path with some turning radius, as
the helm control is turned.

[0082] Similarly, according to some control maneu-
vers, by placing the helm 120 in the straight ahead posi-
tion while the control stick 100 is in the full ahead position,
the vessel moves ahead in a straight line at high engine
RPM with the reversing bucket 154 raised and the nozzle
in the centered position. Helm 120 motion to starboard
is also illustrated and is analogous to that as its motion
to port and will not be described for the sake of brevity.
[0083] Fig. 12(b) illustrates operation of the vessel
when the control stick 100 is placed in a neutral center
position. Whenthe helm 120is turned to port, the steering
nozzle 158 is in the turn-to-port position (see Fig. 11(a))
and the engine 200 is idle because the selector module
170 selects the highest RPM signal, which will be accord-
ing to signal AC21 provided from engine RPM function
module 181 (see Fig. 9(b) where no throttle is applied).
The reversing bucket 154 is approximately in a neutral
position that allows some forward thrust and reverses
some of the waterjet stream to provide some reversing
thrust. (see Fig. 10(b)). This reversing flow is deflected
by the reversing bucket 154 to the left. The vessel sub-
stantially rotates about a vertical axis while experiencing
little or no lateral or ahead/astern translation.

[0084] According to some maneuvers, by placing the
helm 120 in the straight ahead position no motion of the
vessel results. Thatis, no turning occurs, and the forward
and backing thrusts are balanced by having the engine
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at low RPM and the reversing bucket 154 substantially
in a neutral position. The reversed waterjet portion is split
between the left and the right directions and results in no
net force athwartships. Thus, no vessel movement oc-
curs. Helm 120 motion to starboard is also illustrated and
is analogous to that of port motion and is not described
for the sake of brevity.

[0085] Fig. 12(c)illustrates vessel movementwhen the
control stick 100 is moved to port. With the helm 120 in
a counter-clockwise (port) position, the bow thruster 200
provides thrust to port (see Fig. 9(a)), the steering nozzle
158 is in the turn-to-port position (see Fig. 9(c)) and the
engine RPM is at a high speed (see Fig. 9(b)). Again, the
precise actuator control signals depend on the function
modules, such as summing module 172, which sums sig-
nals from function modules 182 and 185. With the re-
versing bucket sending slightly more flow to the right than
to the left, the vessel translates to the left and also rotates
about a vertical axis. The engine RPM is high because
selector module 170 selects the highest of three signals
[0086] Similarly, the helm 120 can be placed in the
straight ahead position, which results in the nozzle being
to the right and the reversing bucket 154 in a middle (neu-
tral) position. The bow thruster 200 also thrusts to port
(by ejecting water to starboard). The net lateral thrust
developed by the bow thruster 200 and that developed
laterally by the waterjet are equal, so that the vessel
translates purely to the left without turning about a vertical
axis.

[0087] Fig. 12 also illustrates vessel movement with
the control stick 100 moved to starboard for three posi-
tions of the helm 120. The resultant vessel movement is
analogous to that movement described for motion in the
port direction and is not herein described for the sake of
brevity.

[0088] Fig. 12(d)illustrates vessel movementwhenthe
control stick 100 is placed in the backing (-y) direction.
When the helm 120 is turned to port, the bow thruster
200 is off (x=0, see Fig. 9(a)), the engine RPM is high
(see Fig. 10(a) - the highest signal is selected by selector
170), the reversing bucket 154 is in the full down position
(see Fig. 10(b)) and deflects the flow to the left, and the
nozzle is in the turn-to-port position (see Fig. 11(a)). The
vessel moves in a curved trajectory backwards and to
the right.

[0089] Similarly, according to some control modules,
by placing the helm 120 in the straight ahead position,
the reversing bucket 154 remains fully lowered but the
nozzle is in the neutral position, so the reversing bucket
deflects equal amounts of water to the right and to the
leftbecause the nozzle is centered. The bow thruster 200
remains off. Thus, the vessel moves straight back without
turning or rotating. Helm 120 motion to starboard is also
illustrated and is analogous to that for motion to port and
thus will not be described herein.

[0090] It should be appreciated that the above exam-
ples of vessel movement are "compound movements"
that in many cases use the cooperative movement of
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more than one device (e.g., propulsors, nozzles, thrust-
ers, deflectors, reversing buckets) of different types. It is
clear, e.g. from Figs. 12(c, d) that, even if only one single
vessel control signal is provided (e.g., -y) of the control
stick 100 along a degree of freedom of the control stick
100, a plurality of affiliated actuator control signals are
generated by the control system and give the vessel its
overall movement response. This is true even without
movement of the helm 120 from its neutral position.
[0091] It should also be appreciated that in some em-
bodiments the overall movement of the vessel is in close
and intuitive correspondence to the movement of the ves-
sel control apparatus that causes the vessel movement.
Some embodiments of the present invention can be es-
pecially useful in manoeuvres like docking.

[0092] It should also be appreciated that the algo-
rithms, examples of which were given above for the ves-
sel having a single waterjet propulsor, can be modified
to achieve specific final results. Also, the algorithms can
use key model points from which the response of the
function modules can be calculated. These key model
points may be pre-assigned and pre-programmed into a
memory on the control processor unit 130 or may be col-
lected from actual use or by performing dock-side or un-
derway calibration tests, as will be described below.
[0093] It should be further appreciated that the single
waterjet comprising a single nozzle and single reversing
bucket described in Figures 8-12 and which do not form
part of the present invention, can be modified to drive a
marine vessel with two waterjets comprising two nozzles
and two reversing buckets as shown in Figure 32, which
does not fall within the scope of the present invention. It
is to be understood that Figure 32 has many of the same
components as Figure 8, that these components have
been numbered with either identical or similar reference
numbers and that the description of each of the compo-
nents of Figure 32 has not been duplicated here for the
sake of brevity. It is also be appreciated that although
there is not throttle 110 illustrated in Figure 32 (sec Figure
8), that such a throttle can be part of the control system
as well as other controllers used in the art. In addition, it
is to be appreciated that any or all of the joystick 100,
helm 120, and throttle 110, can be replaced with an in-
terface to a remote control system that receives any or
all of control signals such as any or all of net transverse
translational thrust commands, net forward or reverse
translational thrust commands, and net rotational thrust
commands, and which can combine and translate these
signals into either or both of a net translational and/or net
rotational thrust commands. In the embodiment of
[0094] Figure 32,the outputofthe nozzle position mod-
ule 185 is split into two signals AC4a and AC4b, which
drive the port and starboard nozzles. Similarly, the output
of the bucket position module 184 is splitinto two signals
AC3aand AC3b, which drive the port and starboard buck-
et positions and similarly, the output of the engine RPM
module 183 and selector 170, which selects the highest
signal, is split into two signals AC2A and AC2b, which
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drive the port and starboard engines. With such an ar-
rangement, there is provided a control system for a ma-
rine vessel having a bow thruster and two waterjets com-
prising two nozzles and two reversing buckets. It should
also be appreciated that the two waterjets can be re-
placed with three or more waterjets comprising corre-
sponding nozzles and reversing buckets, and controlled
in a similar fashion by splitting the Signals AC2, AC3,
and AC4 into a like number of signals.

[0095] Asmentioned previously and asillustrated, e.g.,
in Fig. 3, a marine vessel may have two or more waterjet
propulsors, e.g. 150P and no bow thruster. A common
configuration is to have a pair of two waterjet propulsors,
each having its own individually controlled prime mover,
pump, reversing bucket, and steering nozzle, e.g., 158.
Areversing bucket, e.g. 154, is coupled to each propulsor
150P as well, and the reversing buckets, e.g. 154, may
be of a type fixed to the steering nozzle and rotating there-
with (not true for the embodiment of Fig. 3), or they may
be fixed to a waterjet housing or other part that does not
rotate with the steering nozzles 158 (as in the embodi-
ment of Fig. 3).

[0096] The following description is for marine vessels
having two propulsors and no bow thruster, and can be
generalized to more than two propulsors, including con-
figurations that have different types of propulsors, such
as variable-pitch propellers or other waterjet drives.
[0097] Fig. 13A illustrates a signal diagram for an ex-
emplary vessel control system controlling a set of two
waterjet propulsors and associated nozzles and revers-
ing buckets. This example does not use a bow thruster
for maneuvering as in the previous example having only
one waterjet propulsor, given in Fig. 8.

[0098] Control stick 100 has two degrees of freedom,
x and y, and produces two corresponding vessel control
signals 1000 and 1020, respectively. The vessel control
signals 1000 and 1020 are fed to several function mod-
ules through branch signals as discussed earlier with re-
gard to Fig. 8. In the following discussion of Fig. 13A it
should be appreciated that more than one vessel control
signal can be combined to provide an actuator control
signal, in which case the individual vessel control signals
may be input to the same function modules or may each
be provided to an individual function module. In the figure,
and in the following discussion, there is illustrated sepa-
rate function modules for each vessel control signal, for
the sake of clarity. Note that in the event that more than
one signal is used to generate an actuator control signal,
a post-processing functional module, such as a summer,
a selector or an averaging module is used to combine
the input signals into an output actuator control signal.
[0099] The x-axis vessel control signal 1000 provides
an input to each of six function modules: function module
1700, which calculates a signal 1010, used in controlling
the port reversing bucket position actuator; function mod-
ule 1701, which calculates a signal 1011, used in con-
trolling the port engine RPM actuator; function module
1702, which calculates a signal 1012, used in controlling
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the port nozzle position actuator; function module 1703,
which calculates a signal 1013, used in controlling the
starboard reversing bucket position actuator; function
module 1704, which calculates a signal 1014, used in
controlling the starboard engine RPM actuator; and func-
tion module 1705, which calculates a signal 1015, used
in controlling the starboard nozzle position actuator.
[0100] Note that some of the signals output from the
function modules are the actuator control signals them-
selves, while others are used as inputs combined with
additional inputs to determine the actual actuator control
signals. For example, the portand starboard engine RPM
actuators receive a highest input signal from a plurality
of input signals provided to selector modules 1140, 1141,
as an actuator control signal for that engine RPM actu-
ator.

[0101] The y-axis vessel control signal 1020 provides
aninputto each of four function modules: function module
1706, which calculates a signal 1016, used in controlling
the port engine RPM actuator; function module 1707,
which calculates a signal 1017, used in controlling the
port reversing bucket position actuator; function module
1708, which calculates a signal 1018, used in controlling
the starboard engine RPM actuator; and function module
1709, which calculates a signal 1019, used in controlling
the starboard reversing bucket position actuator.
[0102] Helm vessel control apparatus 120 delivers a
vessel control signal to each of two function modules:
function module 1710, which calculates a signal 1020,
used in controlling the port nozzle position actuator and
function module 1711, which calculates a signal 1021,
used in controlling the starboard nozzle position actuator.
[0103] Two separate throttle control apparatus are pro-
vided in the presentembodiment. A port throttle controller
110P, which provides a vessel control signal 1040 as an
input to function module 1712. Function module 1712
calculates an output signal 1022, based on the vessel
control signal 1040, that controls the engine RPM of the
port propulsor. Similarly, a starboard throttle controller
110S, provides a vessel control signal 1041 as an input
to function module 1713. Function module 1713 calcu-
lates an output signal 1023, based on the vessel control
signal 1041, that controls the engine RPM of the star-
board propulsor.

[0104] As mentioned before, more than one interme-
diate signal from the function modules or elsewhere can
be used in combination to obtain the signal that actually
controls an actuator. Here, a selector module 1140 se-
lects a highest of three input signals, 1011, 1016 and
1022 to obtain the port engine RPM actuator control sig-
nal 1050. A similar selector module 1141 selects a high-
est of three input signals, 1014, 1018 and 1023 to obtain
the starboard engine RPM actuator control signal 1051.
[0105] Additionally, a summation module 1142 sums
the two input signals 1010 and 1017 to obtain the port
reversing bucket position actuator control signal 1052.
Another summation module 1143 sums the two input sig-
nals 1013 and 1019 to obtain the starboard reversing
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bucket position actuator control signal 1053. Yet another
summation module 1144 sums the two input signals 1012
and 1020 to obtain the port nozzle position actuator con-
trol signal 1054, and summation module 1145 sums the
two input signals 1015 and 1021 to obtain the starboard
nozzle position actuator control signal 1055.

[0106] Fig. 13B illustrates a signal diagram of another
embodiment of a marine vessel control system for a dual
waterjet vessel. In this embodiment, the reversing bucket
position (port and starboard reversing buckets) is config-
ured by modules 1700, 1703 with respect to movement
of the joystick 100 in the X-axis to two discrete positions,
fully up and fully down. The output signals of these 1700,
1703 modules, which correspond to bucket position when
commanding a translational thrust with a side compo-
nent, is fed to selector modules 2142, 12143, on lines
1010 and 1013, which select between these signals and
the signals from port and starboard bucket position mod-
ules 1707, 1709, which correspond to bucket when com-
manding only a fore-aft translational thrust (no side com-
ponent). The selector module selects between these in-
put signals to outputs port and starboard bucket actuator
signals on lines 1052, 1053, based on whether there is
a translational thrust command with a side component
or no side component. In particular, the selection module
provides the output signals which are the signals on lines
1010 and 1013 when there is a side component and the
signals on lines 1017 and 1019 when there is no side
component. In addition, the engine rpm for the port and
starboard engines are varied, by port engine rpm module
1701 and starboard engine rpm module 1704, to vary
proportionally with respectto the x-axis. Referring to FIGs
13E-F, this embodiment has an advantage in that the for-
aft thrust component (the engine RPM’s) can be modu-
lated (varied for example from full thrust as illustrated in
Fig. 13E to half thrust as illustrated in Fig. 13F) with the
reversing bucket at a fixed position, such as full up posi-
tion, and the nozzle(s) at an angle ® (presumably re-
quired to hold a steady heading of the vessel due to ex-
ternal influences such as water current and/or wind) with-
out effecting the net thrust angle ® of the waterjet. In
contrast, refererring to Fig.s 13C-D, it has been found
that for the embodiments where the reversing bucket is
also used to assist in varying the thrust of the vessel
movement, for example where the reversing bucket is
moved from a full up position at full thrust as illustrated
in Fig 13C, to a half thrust position that includes move-
ment of the reversing bucket as illustrated in Fig. 13D,
the split-flow geometry of the laterally fixed reversing
buckets prevents them from modulating the net thrust
magnitude of an individual waterjet without affecting the
net thrust angle of the waterjet, thereby resulting in some
additionalnet thrust angle +a at the waterjet, resulting in
a total net thrust angle of ®+a. at the waterjet. An advan-
tage according to this embodiment, is that by keeping
the reversing buckets stationary while modulating engine
RPM only ( as illustrated in Figures 13E & 13F), the con-
trol system and hence the operator are able to vary the
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net thrust magnitude applied to the vessel without apply-
ing any unwanted rotational force, thereby resulting in
movement of the vessel as illustrated in Fig. 13H. In con-
trast, referring to Fig.s 13G, it has been found that for the
embodiments where the reversing bucket is also used to
assistin varying the thrust of the vessel movement, when
the net thrust angle changes (as illustrated in Fig. 13D),
the net rotational moment applied to the vessel is effect-
ed. If the vessel is holding a steady heading (no net ro-
tational movement), an unwanted rotational forces ap-
plied to the vessel will cause the vessel to rotate when
not commanded to do so. This phenomenonis illustrated
in Figure 13G which illustrates in particular that the craft
is translating to port with no net rotational force (i.e., hold-
ing a steady heading) when commanding Full Port thrust.
However, when the joystick is moved strictly in the star-
board direction to command half port thrust, an unwanted
rotational moment is applied to the vessel, causing an
uncommanded heading change.

[0107] Figs. 14A-C illustrate, in more detail, the details
of the algorithms and functions of Fig. 13A used to control
the port reversing bucket actuator (Fig. 14A), the port
engine RPM actuator (Fig. 14B) and the port nozzle po-
sition actuator (Fig. 14C). Three branch vessel control
signals 1002, 1004 and 1006 branch out of vessel control
signal 1000 corresponding to a position of the control
stick 100 along the x-axis degree of freedom. The branch
vessel control signals 1002, 1004 and 1006 are input to
respective function modules 1700, 1701 and 1702, and
output signals 1010, 1011 and 1012 are used to generate
respective actuator control signals, as described with re-
spect to Fig. 13A above.

[0108] As described previously, the x-axis degree of
freedom of the control stick 100 is used to place the port
reversing bucket approximately at the neutral position
when the joystick is centered, and motion to starboard
will raise the bucket and motion to port will lower the
bucket (Fig. 14A). The setpoint 1700A is determined from
an underway or free-floating calibration procedure to be
the neutral reversing bucket position such that the net
thrust along the major axis is substantially zero. Move-
ment of the control stick 100 along the x-axis in the port
direction affects nozzle, engine RPM and reversing buck-
et actuators. Optimum points for the port nozzle position
(Fig. 14C), 1702A and 1702B, are determined by dock-
side or underway calibration as in obtaining point 1700A.
Points 1702A and 1702B are of different magnitudes due
to the geometry of the reversing bucket and different ef-
ficiency of the propulsion system when the reversing
bucket is deployed compared to when the reversing
bucket is not deployed.

[0109] Port engine RPM is lowest (idling) when the
control stick 100 x-axis position is about centered. Port
engine RPM is raised to higher levels when the control
stick 100 is moved along the x-axis degree of freedom
(Fig. 14B). The setpoints indicated by the dark circles are
set at the factory or configured at installation, based on,
e.g., vessel design parameters and specifications.
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[0110] Figs. 14D-F illustrate, in more detail, the details
of the algorithms and functions of the embodiment of Fig.
13B used to control the port reversing bucket actuator
(Fig. 14D), the port engine RPM actuator (Fig. 14E) and
the port nozzle position actuator (Fig. 14F). As discussed
above with respect to Figs 14A-C, three branch vessel
control signals 1002, 1004 and 1006 branch out of vessel
control signal 1000 corresponding to a position of the
control stick 100 along the x-axis degree of freedom. The
branch vessel control signals 1002, 1004 and 1006 are
input to respective function modules 1700, 1701 and
1702, and output signals 1010, 1011 and 1012 are used
to generate respective actuator control signals, as de-
scribed with respect to Fig. 13B above.

[0111] The x-axis degree of freedom of the control stick
100 is used to place the port reversing bucket approxi-
mately at the neutral position when the joystick is cen-
tered, motion to starboard outside the deadband will raise
the bucket to a single up position, and motion to port will
lower the bucket to a single down position (Fig. 14A-E).
The setpoint 1700A can, for example, be determined
from an underway or free-floating calibration procedure
to be the neutral reversing bucket position such that the
net thrust along the major axis is substantially zero.
Movement of the control stick 100 along the x-axis in the
port direction affects nozzle, engine RPM and reversing
bucket actuators, as illustrated. Optimum points for the
port nozzle position (Fig. 14F), 1702A and 1702B, can,
for example, be determined by dock-side or underway
calibration as in obtaining point 1700A. Points 1702A and
1702B may be of the same magnitude or may be of dif-
ferent magnitudes due to the geometry of the reversing
bucket and different efficiency of the propulsion system
when the reversing bucketis deployed compared towhen
the reversing bucket is not deployed.

[0112] Referring to Fig. 14E, the port engine RPM is
lowest (idling) when the control stick 100 x-axis position
is about centered. Port engine RPM is raised to higher
levels when the control stick 100 is moved along the X-
axis degree of freedom, to in combination with the port
bucket position, introduce no rotation movement to the
vessel, as discussed above. The setpoints indicated by
the dark circles are set at the factory or configured at
installation, based on, e.g., vessel design parameters
and specifications. According to this emobiment, asillus-
trated in Fig.14E, the port engine RPM can be stepped
up abruptly when moved beyond the port threshold of
the center dead band, corresponding to the reversing
bucketin the full down position. This can be done to com-
pensate for any difference in thrust efficiencies between
the reversing bucket in the full up and full down positions.
One advantage of having the step only when the waterjet
is reversing is that the lower reversing efficiency with the
bucket in the full down position is compensated for even
with small thrust commands.

[0113] Figs. 15A-C, illustrate in more detail the algo-
rithms and functions of the embodiment of the vessel
control system of Fig. 13A, used to control the starboard
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reversing bucket actuator (Fig. 15A), the starboard en-
gine RPM actuator (Fig. 15B) and the starboard nozzle
position actuator (Fig. 15C). The operation of the star-
board reversing bucket, the starboard engine rpm, and
the starboard nozzle position are similar to that of the
port reversing bucket, the port engine rpm and the port
nozzle position discussed above with respect to Figs.
14A-C. In particular, the three branch vessel control sig-
nals 1008, 1009 and 1005 branch out of vessel control
signal 1000 (in addition to those illustrated in Fig. 14A-
C, above) corresponding to a position of the control stick
100 along the x-axis degree of freedom. The branch ves-
sel control signals 1008, 1009 and 1005 are input to re-
spective functionmodules 1703, 1704 and 1705, and out-
put signals 1013, 1014 and 1015 are used to generate
respective actuator control signals, as described with re-
spectto Fig. 13A, above. The calibration points and func-
tional relationship between the output signals and the
vessel control signal are substantially analogous to those
described above with respect to Fig. 14A-C, and are not
discussed in detail again here for the sake of brevity.
[0114] Figs. 15D-F, illustrate in more detail the algo-
rithms and functions of the embodiment of the vessel
control system of Fig. 13B, used to control the starboard
reversing bucket actuator (Fig. 15D), the starboard en-
gine RPM actuator (Fig. 15E) and the starboard nozzle
position actuator (Fig. 15F). The operation of the star-
board reversing bucket, the starboard engine rpm, and
the starboard nozzle postion are similar to that of the port
reversing bucket, the port engine rpm and the port nozzle
position discussed above with respect to Figs. 14D-F. In
particular, the three branch vessel control signals 1008,
1009 and 1005 branch out of vessel control signal 1000
(in addition to those illustrated in Fig. 14D-F, above) cor-
responding to a position of the control stick 100 along
the x-axis degree of freedom. Also as discussed above
with respect to Fig. 14E, according to this emobiment,
as illustrated in Fig.15E, the port engine RPM can be
stepped up abruptly when moved beyond the portthresh-
old of the center dead band, corresponding to the revers-
ing bucket in the full down position. This can be done to
compensate for any difference in thrust efficiencies be-
tween the reversing bucket in the full up and full down
positions. One advantage of having the step only when
the waterjet is reversing is that the lower reversing effi-
ciency with the bucket in the full down position is com-
pensated for even with small thrust commands. The
branch vessel control signals 1008, 1009 and 1005 are
input to respective function modules 1703, 1704 and
1705, and output signals 1013, 1014 and 1015 are used
to generate respective actuator control signals, as de-
scribed with respect to Fig. 13A, above. The calibration
points and functional relationship between the output sig-
nals and the vessel control signal are substantially anal-
ogous to those described above with respect to Fig. 14A-
C, and are not discussed in detail again here for the sake
of brevity.

[0115] Fig. 16 illustrates the algorithms for generating
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control signals to control the port engine RPM actuator
(Fig. 16(a)) and the port reversing bucket position actu-
ator (Fig. 16(b)). Control stick 100 can move along the
y-axis to provide vessel control signal 1020, which
branches into signals 1021 and 1022, respectively being
inputs to function modules 1706 and 1707. Function mod-
ules 1706 and 1707 calculate output signals 1016 and
1017, which are respectively used to control the port en-
gine RPM actuator and the port reversing bucket position
actuator of the system illustrated in Fig. 13. The port en-
gine RPM varies between approximately idle speed in
the vicinity of zero y-axis deflection to higher engine
RPMs when the control stick 100 is moved along the y-
axis degree of freedom (Fig. 16(a)). The port reversing
bucket 154P is nominally at a neutral thrust position when
the control stick 100 y-axis is in its zero position, and
moves up or down with respective forward and backward
movement of the control stick 100 (Fig. 16(b)).

[0116] Fig. 17 illustrates the algorithms for generating
control signals to control the starboard engine RPM ac-
tuator (Fig. 17(a)) and the starboard reversing bucket
position actuator (Fig. 17(b)). Control stick 100 provides
vessel control signal 1020 for movement along the y-axis,
which branches into signals 1023 and 1024, respectively
being inputs to function modules 1708 and 1709. Func-
tion modules 1708 and 1709 calculate output signals
1018 and 1019, which are respectively used to control
the starboard engine RPM actuator and the starboard
reversing bucket position actuator of the system illustrat-
edin Fig. 13. The starboard engine RPM varies between
approximately idle speed in the vicinity of zero y-axis de-
flection to higher engine RPMs when the control stick
100 is moved along the y-axis degree of freedom (Fig.
17(a)). The starboard reversing bucket 154S is nominally
at a neutral thrust position when the control stick 100 y-
axis is in its zero position, and moves up or down with
respective forward and backward movement of the con-
trol stick 100 (Fig. 17(b)).

[0117] Fig. 18 illustrates the algorithms for generating
control signals to control the port and starboard steering
nozzle position actuators (Figs. 18(a) and (b), respec-
tively). Helm control 120 provides vessel control signal
1030, which branches into signals 1031 and 1032, re-
spectively being inputs to function modules 1710 and
1711. Function modules 1710 and 1711 calculate linear
output signals 1020 and 1021, which are respectively
used to control the port and starboard steering nozzle
position actuators of the system illustrated in Fig. 13.
[0118] Movement of the helm 120 n the clockwise di-
rection results in vessel movement to starboard. Move-
ment of the helm 120 in the counter-clockwise direction
results in vessel movement to port. The functional rela-
tionships of Figs. 18(a) and (b) are illustrative, and can
be modified or substituted by those skilled in the art, de-
pending on the application and desired vessel response.
[0119] Fig. 19(a) illustrates the algorithm for generat-
ing a control signal used to control the port engine RPM
actuator. Port throttle controller 110P generates a vessel
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control signal 1040 that is input to function module 1712.
Function module 1712 determines a linear relation be-
tween input vessel control signal 1040 and output signal
1022. Thus, with the throttle in a full reverse position, the
port engine actuator is in an idle position and with the
throttle in the full forward position the port engine is at
maximum RPM. The output signal 1022 is used as an
input to provide the port engine RPM actuator control
signal 1050, as illustrated in Fig. 13.

[0120] Fig. 19(b) illustrates the algorithm for generat-
ing a control signal used to control the starboard engine
RPM actuator. Starboard throttle controller 110S gener-
ates a vessel control signal 1041 that is input to function
module 1713. Function module 1713 determines a linear
relation between input vessel control signal 1041 and
output signal 1023. This relationship is substantially sim-
ilar to that of the port engine RPM actuator. The output
signal 1023 is used as an input to provide the starboard
engine RPM actuator control signal 1051, as illustrated
in Fig. 13.

[0121] Fig. 20illustrates a number of exemplary overall
actual vessel motions provided by the control system de-
scribed in Fig. 13 for a vessel having two propulsors with
steering nozzles, two reversing buckets and no bow
thruster.

[0122] Fig. 20(a) illustrates movement of the vessel to
port along a curved path when the control stick 100 is in
the forward (+y) and the helm 120 is in the turn-to-port
position. If the helm 120 is placed in the straight ahead
position the vessel moves forward only. If the helm 120
is turned clockwise the vessel moves to starboard
[0123] Fig. 20(b) illustrates movement of the vessel
when the control stick 100 is in the neutral center position.
If the helm 120 is turned to port, the vessel rotates about
a vertical axis to port. If the helm 120 is in the straight
ahead position, no net vessel movement is achieved.
Helm 120 motion to starboard is analogous to that for
motion to port and will not be described for the sake of
brevity.

[0124] Fig. 20(c) illustrates movement of the vessel
when the control stick 100 is in the to-port position (-x).
If the helm 120 is in the turn-to-port position then the
vessel both rotates to port about a vertical axis and trans-
lates to port. If the helm 120 is in the straight ahead po-
sition then the vessel merely translates to port without
net forward or rotation movement. Again, helm 120 mo-
tion to starboard is analogous to that for motion to port
and will not be described for the sake of brevity. Fig. 20
also illustrates movement of the vessel when the control
stick 100 is moved to the right (+x position).

[0125] Fig. 20(d) illustrates movement of the vessel
when the control stick 100 is moved back in the (-y) di-
rection. Here the vessel moves backwards and to the
right if the helm 120 is in the to-port position, and the
vessel moves straight back if the helm 120 is in the
straight ahead position. Helm 120 motion to starboard is
analogous to that for motion to port and will not be de-
scribed for the sake of brevity.
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[0126] Figures 30 and 31 illustrate the signal control
modules and resulting vessel movements, respectively,
for another embodiment of a control system that can be
used to drive a marine vessel having dual waterjets and
a bow thruster, with the dual waterjets comprising re-
spective nozzle and reversing buckets. In particular, it is
to be appreciated that the system of Figure 30 is a vari-
ation of the system of Figure 13B, where a bow thruster
module 2135 is added to the dual waterjet systemand
the throttle controls are illustrated as removed for the
sake of simplicity.

[0127] Itis to be understood that Figure 30 has many
of the same components as Figure 13B, that these com-
ponents have been numbered with eitheridentical or sim-
ilar reference numbers (some references numbers have
been eliminated), and that the description of each of the
components of Fig. 32 has not been duplicated here for
the sake of brevity. It is also to be appreciated that al-
though there is no throttles 110P, 110S illustrated in Fig.
30 (See Fig. 8), that such throttles can be part of the
control system, as well as other controllers used in the
art. In addition, it is to be appreciated that any or all of
the joystick 100, helm 120, and throttles 110P, 110S, can
be replaced with an interface to a remote control system,
such as described above with respect to Figure 29, that
receives any or all of control signals such as any or all
of net transverse translational thrust commands, net for-
ward or reverse translational thrust commands, and net
rotational thrust commands, and which can be combined
and translated into either or both of a net translational
and/or net rotational thrust commands. In the embodi-
ment of Fig. 30, there is provided an additional thruster
and rpm module 2135, that is substantially the same a
the bow thruster modules of Figures 8 and 32, except
that the functional module has a deadband that corre-
sponds with the deadband of the other functional control
modules such as modules 1700-1706, for movement
along, forexample, the X-axis of the controller. This dead-
band characteristic is particularly useful for dual waterjet
control systems that drive the corresponding reversing
buckets to discrete positions, as has been described
herein for example with respect to Figure 30 and also as
described elsewhere herein, as the deadband allows the
buckets to be moved to the discrete positions withoutde-
veloping any thrust from the waterjets or thrusters.
[0128] Itis to be appreciated that a plurality of the al-
gorithms or control modules described in Figure 30 are
substantially the same as the algorithms or control mod-
ules described with respect to Figure 13B , with the ad-
dition of signals and control module 2135 t for controlling
a bow thruster. In particular, substantially the same con-
trol signals and logic modules can be used for the dual
waterjet control system of Figure 13 and the dual waterjet
and bow thruster control system of Figure 30. However,
the calibration points and parameters should change to
compensate for the added thrust and rotational moment
that would be provided by the bow thruster. It should be
appreciated that one of the reasons for adding a bow
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thruster to any of the dual waterjet embodiments de-
scribed herein is that as craft sizes increase, length to
weight ratios typically increase and power to weight ratios
typically decrease, reducing the vessels ability to develop
sufficient side thrust without a bow thruster.

[0129] Figures. 31A-D illustrates a number of exem-
plary overall actual vessel motions provided by the con-
trol system described in Fig. 30 for a vessel having two
propulsors with steering nozzles and two corresponding
reversing buckets and a bow thruster, which under direc-
tion of the vessel control system produce the illustrated
vessel movements. It is to be appreciated that the vessel
movements illustrated in Fig. 31 and for any of the em-
bodiments described herein, are illustrated for corre-
sponding movements of a control stick and helm, how-
ever the controllers can be any controller used in the art
and can be signals received from a remote controller at
a control interface, as has been described herein.
[0130] Fig. 31A illustrates movement of the vessel to
port along a curved path when the control stick 100 is in
the forward (+y) and the helm 120 is in the turn-to-port
position. If the helm 120 is placed in the straight ahead
position the vessel moves forward only. If the helm 120
is turned clockwise the vessel moves to starboard
[0131] Fig. 31B illustrates movement of the vessel
when the control stick 100 is in the neutral center position.
If the helm 120 is turned to port, the vessel rotates about
a vertical axis to port. If the helm 120 is in the straight
ahead position, no net vessel movement is achieved.
Helm 120 motion to starboard is analogous to that for
motion to port and will not be described for the sake of
brevity.

[0132] Fig. 31C illustrates movement of the vessel
when the control stick 100 is in the to-port position (-x).
If the helm 120 is in the turn-to-port position then the
vessel both rotates to port about a vertical axis and trans-
lates to port. If the helm 120 is in the straight ahead po-
sition then the vessel merely translates to port without
net forward or rotation movement. Again, helm 120 mo-
tion to starboard is analogous to that for motion to port
and will not be described for the sake of brevity. Fig. 20
also illustrates movement of the vessel when the control
stick 100 is moved to the right (+x position), which is
analogous to the vessel movement to port, and therefore
the description of each vessel movementis not repeated.
[0133] Fig. 31D illustrates movement of the vessel
when the control stick 100 is moved back in the (-y) di-
rection. Here the vessel moves backwards and to the
right if the helm 120 is in the to-port position, and the
vessel moves straight back if the helm 120 is in the
straight ahead position, and to the left if the helm is in
the to starboard position.

[0134] As can be seen herein, it is the case for both
the single and dual propulsor vessel control systems,
both with and without bow thrusters as described herein,
we see thatvessel motion isin accordance with the move-
ment of the vessel control apparatus. Thus, one advan-
tage of the control systems of the invention is that it pro-
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vides a more intuitive approach to vessel control that can
be useful for complex maneuvers such as docking. It is,
of course, to be appreciated that the dynamics of vessel
movement can vary widely depending on the equipment
used and design of the vessel. For example, we have
seen how a single-propulsor vessel and a dual-propulsor
vessel use different actuator control signals to achieve a
similar vessel movement. One aspect of the present in-
vention is that it permits, in some embodiments, for de-
signing and implementing vessel control systems for a
large variety of marine vessels. In some embodiments,
adapting the control system for another vessel can be
done simply by re-programming the algorithms imple-
mented by the above-described function modules and/or
re-calibration of the key points on the above-described
curves, that determine the functional relationship be-
tween a vessel control signal and an actuator control sig-
nal.

[0135] One aspect of marine vessel operation and con-
trol that may cause differences in vessel response is the
design and use of the reversing buckets. Two types of
reversing buckets are in use with many waterjet-pro-
pelled vessels: an "integral" design, which rotates later-
ally with a steering nozzle to which it is coupled, and a
"laterally-fixed" design, which does not rotate laterally
with the steering nozzle, and remain fixed as the steering
nozzle rotates. Both integral and laterally-fixed designs
can be dropped or raised to achieve the reversing action
necessary to develop forward, neutral or backing thrust,
but their effect on vessel turning and lateral thrusts is
different.

[0136] The control system of the present invention can
be used for both types of reversing buckets, as well as
others, and can be especially useful for controlling ves-
sels that have the laterally-fixed type of reversing buck-
ets, which have traditionally been more challenging to
control in an intuitive manner, as will be explained below.
The following discussion will illustrate the two types of
reversing buckets mentioned above, and show how their
response differs. The following discussion also illustrates
how to implementthe present control system and method
with the different types of reversing buckets.

[0137] Fig. 21 illustrates an integral-type reversing
bucket 5 that can be raised and lowered as described
previously using reversing bucket actuator 7. The revers-
ing bucket 5 and actuator 7 are coupled to, and laterally
rotate with steering nozzle 6. The steering nozzle 6 and
reversing bucket 5 assembly rotates laterally by move-
ment of steering nozzle actuators 8, pivoting on trunion 9.
[0138] Several exemplary modes of operation of the
combined reversing bucket and steering nozzle are illus-
trated in Fig. 21. The columns of the figure (A, B and C)
illustrate the steering nozzle 6 being turned along several
angles (0°, 30°, 15°) of lateral rotation. The rows (Q, R
and S) illustrate several positions (full reverse, neutral
and full ahead) of the reversing bucket 5. In the figure,
the forward direction is to be understood to be toward
the top of the figure and the aft direction is to the bottom,
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accordingly, the port direction is to the left and the star-
board direction is to the right of the figure.

[0139] Fig. 21 (col. A, row Q) illustrates the steering
nozzle 6 in a 0° position (straight ahead) and the revers-
ing bucket 5 in the full-reverse (lowered) position. The
resulting combined thrust is then in the backing direction
with no net lateral component. The arrows show the re-
sulting direction of flow of water, which is generally op-
posite to the direction of the resulting thrust on the vessel.
[0140] Fig. 21 (col. A, row R) and (col. A, row S) also
illustrates the steering nozzle 6 in the straight ahead po-
sition, but the reversing bucket 5 is in the neutral position
(col. A, row R) and in its raised position (col. A, row S).
Accordingly, no net thrust is developed on the vessel in
(col. A, row R) and full ahead thrust is developed on the
vessel in (col. A, row S).

[0141] Fig. 21 (col. B, row Q - col. B, row S) illustrates
the steering nozzle 6 turned 30° with respect to the ves-
sel’s centerline axis. By progressively raising the revers-
ing bucket 5 from the backing position (col. B, row Q) to
the neutral position (col. B, row R), or the ahead position
(col. B, row S) thrust is developed along an axis defined
by the direction of the steering nozzle 5. That is, in an
integral reversing bucket design, the netthrust developed
by the combined reversing bucket and steering nozzle is
along a direction in-line with the steering nozzle axis.
[0142] Fig. 21 (col. C, row Q - col. C, row S) illustrates
a similar maneuver as that of Fig. 21 (col. B, row Q - col.
B, row S), except that the angle of steering is 15° with
respect to the vessel’'s centerline rather than 30°.
[0143] Fig. 22illustrates the relation between the water
flow direction and the resulting thrust for a configuration
having an integral-type reversing bucket 5 coupled to a
steering nozzle 6 as in Fig. 21. Fig. 22(a) illustrates a
case with a 30° steering angle and the reversing bucket
5 in the full ahead (raised) position, as shown before in
Fig. 21 (col. B, row S). The waterjet flow direction is in
the same direction as the steering nozzle 5, with a re-
sulting net thrust being forward and to starboard at an
angle of substantially 30°.

[0144] Fig. 22(b) illustrates the steering nozzle 6 at a
30° steering angle and the reversing bucket 5 being in
the full reverse (lowered) position as illustrated in Fig. 21
(col. B, row Q). The resulting flow is in a direction along
the axis of the steering nozzle 6, but reversed by 180°
from it. The resulting net thrust is then to the rear and
portside of the vessel. Note that vessel design and place-
ment of the nozzle and bucket assembly can impact the
actual direction of translation and rotation of the vessel
resulting from application of said thrust at a particular
location on the vessel.

[0145] Fig. 23 illustrates the dynamic relationship be-
tween the steering nozzle 6 angle and the direction of
the resulting thrust in a vessel using an integral reversing
bucket 5. The horizontal axis 5105 represents an exem-
plary range of rotation of the steering nozzle 6 about the
nominal 0° position (straight ahead). The vertical axis
5115 represents the angle of the thrust developed. Two
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curves are given to show the direction of the thrust for
an integral reversing bucket 5 placed in the full ahead
position (solid) 5110 and in the full reverse position
(dashed) 5100. It can be seen that in either case, the
direction of the thrust developed is substantially in-line
with that of the applied steering nozzle direction. That is,
the results for the full ahead position 5110 and the results
for the full reverse position 5100 are in similar quadrants
of the figure.

[0146] Fig. 24 illustrates a laterally-fixed reversing
bucket 5A that can be moved as described previously
using a reversing bucket actuator (not shown in this fig-
ure). The reversing bucket 5A and its actuator are not
coupled to the steering nozzle 6A, but are coupled to a
waterjet housing or other support which is fixed to the
vessel and do not rotate laterally with the steering nozzle
6A. The steering nozzle 6A rotates laterally by movement
of steering nozzle actuators (not shown in this figure).
Reference can be made to Fig. 5 which illustrates a more
detailed side view of a laterally-fixed reversing bucket
assembly and steering nozzle. A result of this configura-
tion is that, in addition to reversing the forward-aft portion
of the waterjet, the reversing bucket 5A redirects the wa-
ter flow with respect to the vessel’s centerline. In most
designs, some curvature of the reversing bucket 5A sur-
face exists and affects the exact direction in which the
exiting water flows from the reversing bucket. Also, some
designs of laterally-fixed reversing buckets comprise
tube-like channels which force the flow to have a certain
path along the tube. Others are split into a port and a
starboard portion, such that the fraction of the waterjet
traveling in the port or the starboard portions depends
on the angle of the steering nozzle and affects the thrust
accordingly.

[0147] Several exemplary modes of operation of the
laterally-fixed reversing bucket 5A and steering nozzle
6A are illustrated in Fig. 24. The columns of the figure
(A, B and C)illustrate the steering nozzle 6A being turned
along several angles (0°, 30°, 15°) of lateral rotation. The
rows (Q, Rand S)illustrate several positions (full reverse,
neutral and full ahead) of the reversing bucket 5A. As in
Fig. 21, the forward direction is to the top of the figure
and the aft direction is to the bottom, accordingly, the
port direction is to the left and the starboard direction is
to the right of the figure.

[0148] Fig. 24 (col. A, row Q) illustrates the steering
nozzle 6 in a 0° position (straight ahead) and the revers-
ing bucket 5A in the full-reverse (lowered) position. The
resulting combined thrust is then in the backing direction
with no net lateral component. Note that there are two
lateral components to the waterjet flow in that the port
and starboard contributions cancel one another. The ar-
rows show the resulting direction of flow of water, which
is generally opposite to the direction of the resulting
thrust.

[0149] Fig. 24 (col. A, row R) and (col. A, row S) illus-
trates the steering nozzle 6A in the straight ahead posi-
tion, but the reversing bucket 5A is in the neutral position
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in (col. A, row R) and in its raised position in (col. A, row
S). No net thrust is developed with the reversing bucket
5A as illustrated in (col. A, row R) and full ahead thrust
is developed with the reversing bucket 5A as illustrated
in (col. A, row S).

[0150] Fig. 24 (col. B, row Q - col. B, row S) illustrates
the steering nozzle 6A turned 30° with respect to the ves-
sel’s centerline axis. By progressively raising the revers-
ing bucket 5A, from backing position (col. B, row Q), to
neutral position (col. B, row R), or ahead position (col. B,
row S) thrust is developed along an axis defined by the
direction of the steering nozzle 6A. It can be seen, e.g.
by comparing the thrust generated in Fig. 21 (col. B, row
R) and Fig. 24 (col. B, row R), that the reversed compo-
nent of the flow in the laterally-fixed reversing bucket 5A
is not along the same axis as the steering nozzle 6A,
while the integral reversing bucket 5 gave an in-line (but
opposing) reversed flow component direction with re-
spect to steering nozzle 6.

[0151] Fig. 24 (col. C, row Q - col. C, row S) illustrates
a similar maneuver as that of Fig. 24 (col. B, row Q - col.
B, row S), except that the angle of steering is 15° with
respect to the vessel’'s centerline rather than 30°.
[0152] Fig. 25illustrates the relation between the water
flow direction and the resulting thrust for a configuration
having a laterally-fixed type reversing bucket 5A and a
steering nozzle 6A as illustrated in Fig. 24. Fig. 25(a)
illustrates a case with a 30° steering angle of the steering
nozzle 6A and the reversing bucket 5A in the full ahead
(raised) position, as shown before in Fig. 24 (col. B, row
S). The flow direction is in the same direction as that of
the steering nozzle 5A, with a resulting net thrust being
forward and to port.

[0153] Fig. 25(b) illustrates the steering nozzle 6A at
a 30° steering angle to port and the reversing bucket 5A
being in the full reverse (lowered) position. For this con-
figuration, the resulting water flow is in a different direc-
tion than that of the steering nozzle 6A, and not along its
axis. The resulting net thrust imparted to the vessel is to
the rear and starboard side of the vessel. The reverse
thrust can be at an angle greater than the 30° nozzle
angle 6A because the flow channel within the reversing
bucket 5A plays a role in steering the vessel. It is to be
appreciated that the vessel design and placement of the
nozzle and bucket assembly can impact the actual direc-
tion of translation and rotation of the vessel resulting from
application of said thrust at a particular location on the
vessel.

[0154] One thing that is apparent from comparing the
integral and the laterally-fixed types of reversing buckets
is that the lateral component of thrust due to the reversed
component of the waterjet in the integral type reversing
bucket is in a direction substantially reflected about the
vessel’'s major axis (centerline) compared to the same
thrust component developed by using a laterally-fixed
reversing bucket. In other words, the resultant thrust for
the integral reversing bucket 5 will be to the port side of
the vessel, whereas the resultant thrust with the laterally-
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fixed reversing bucket 5A will be to the starboard side of
the vessel.

[0155] Fig. 26 illustrates the dynamic relationship be-
tween the steering nozzle 6A angle and the direction of
the resulting thrust in a vessel using a laterally-fixed re-
versing bucket 5A. The horizontal axis 5105 represents
an exemplary range of rotation of the steering nozzle 6A
about the nominal 0° position (straight ahead). The ver-
tical axis 5115 represents the angle of the thrust devel-
oped. Two curves are given to show the direction of the
thrust for a laterally-fixed reversing bucket 5A placed in
the full ahead position (solid) 5110A and in the full reverse
position (dashed) 5100A. It can be seen that in the full
reverse case, the direction of the thrust developed is sub-
stantially out-of-line with that of the applied steering noz-
zle direction. Thatis, the results for the full ahead position
5110A and the results for the full reverse position 5100A
are in different quadrants of the figure.

[0156] According to some aspects of the present in-
vention, problems related to the use of laterally-fixed re-
versing buckets in some embodiments can be overcome.
The primary problem with respect to controlling waterjets
with laterally-fixed reversing buckets is predicting the
overall effect of variable amounts of reverse thrust. This
is a significant problem, as the reversing component is
not only deflected substantially out of line with steering
nozzle angle but atvarying degrees with respect to nozzle
position. Through the use of specially designed algo-
rithms or control modules and simplified calibration meth-
ods, the present invention can in some cases anticipate
and correct for such discrepancies and in other cases
avoid the influences of these discrepancies all together.
The result is a smooth and intuitive operation of the ves-
sel. This of course does not limit the scope of the present
invention, and it is useful for many types of reversing
buckets.

[0157] In some embodiments, the marine vessel may
have coupled steering nozzles or propulsor apparatus.
For example, it is possible to use two steering nozzles
that are mechanically-coupled to one another and rotate
in unison by installing a cross-bar that links the two steer-
ing nozzles and causes them to rotate together. A single
actuator or set of actuators may be used to rotate both
steering nozzles in this embodiment. Alternatively, the
steering nozzles may be linked electrically by controlling
both nozzles with the same actuator control signal. It is
possible to split an actuator control signal so that sepa-
rate actuators controlling each steering nozzle are made
to develop the same or similar movements.

[0158] Fig. 27 illustrates an alternate embodiment of a
vessel control apparatus 100A to be used with the various
embodiments of marine vessel control system of this dis-
closure, and exemplary resulting vessel maneuvers. In
particular, it is to be appreciated that the vessel control
apparatus can be a three-axis (degree of freedom) con-
trol or joystick 100A as illustrated in Fig. 27, instead of a
two-axis control or joystick and a helm, as has been de-
scribed by way of example herein. Fig 27 illustrates some
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exemplary resulting maneuvers provided by the herein
described marine vessel control system for exemplary
motion of the three-axis control stick for a single waterjet
vessel, which corresponds to but is a subset of the re-
sulting maneuvers illustrated in Figs 12A-12D. Fig 27 al-
so illustrates some exemplary resulting maneuvers pro-
vided by the herein described marine vessel control sys-
tem for exemplary motion of the three-axis control stick
for a twin waterjet vessel, which corresponds to but is a
subset of the resulting maneuvers illustrated in Figs 20A-
20D.

[0159] Fig. 28 illustrates an alternative embodiment of
a marine vessel control system (cabling) diagram for a
dual waterjet propulsion system, with a remote control
interface 130. It is to be appreciated that the marine ves-
sel control system need not comprise a vessel control
apparatus or a plurality of vessel control apparatus as
has been described herein by way of example. Alterna-
tively, the control system can comprise an interface (con-
trol box) 130 that receives vessel control signals from a
remote control system 131. For example, the remote con-
trol system may provide digital words, e.g. in an ASCII
format or any other suitable format to command the con-
trol system, or the remote control system may provide
analog signal that, for example, mimic the analog signals
provided by joystick and/or helm control apparatus as
described herein.

[0160] As will be discussed further with respect to Fig
29, the control box 130 and the control system can re-
ceive these signals and provide resulting actuator control
signals to marine vessel having forexample two waterjets
comprising two nozzles 158P and 158S, and two revers-
ing buckets 152P and 152S. It is to be appreciated that
the operation of this system, other than the interface to
and translation of signals from the remote control system,
is substantially the same as that of Fig. 7 discussed
above, and like parts have been illustrated with like ref-
erence numbers and a description of such parts is omitted
here for the sake of brevity. Specifically, the control sys-
tem can comprise a set of functional modules, for exam-
ple, stored within control processor unit 130, that receive
and translate control signals such as any or all of net
transverse translational thrust commands, net forward or
reverse translational thrust commands, and net rotational
thrust commands, which can be translated into any/or all
of net translational and net rotational thrust commands,
and from these commands generate the output actuator
control signals provided by the control processor unit
130.

[0161] Referring now to Figure 29, there is illustrated
one exemplary signal diagram for the marine vessel con-
trol system comprising a dual waterjet vessel and a re-
mote control interface, as illustrated in Figure 28. In par-
ticular Fig 29 illustrates a signal diagram of another em-
bodiment of a marine vessel control system for a dual
waterjet vessel, which is an variation of the embodiment
illustrated in Figure 13B, wherein any and/or all of the
vessel control apparatus, such the joystick 100, helm
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120, and port and/or starboard throttles 110P, 110S have
been replaced with the remote control system interface
130 that receives control signals from a remote control
system 131. It is to be appreciated that the operation of
this vessel control system 130 and resulting signal dia-
gram, other than the interface to and translation of signals
from the remote control system, is substantially the same
as that of Fig. 13B discussed above, and therefore like
parts have been illustrated with like reference numbers
and a bulk of the description of such parts is omitted here
for the sake of brevity.

[0162] Summarizing, the remote control interface also
referred to herein as controller or processor 130 receives
and translates control signals such as any or all of net
transverse translational thrust commands on line 2132,
net forward or reverse translational thrust commands on
line 2133, and net rotational thrust commands on line
2134, which can be combined and translated into either
or both of a net translational and/or net rotational thrust
commands. It is to be appreciated that the net transla-
tional thrust command on line 2132 corresponds, in other
embodiments having for example a first vessel controller
such as the joystick controller 100 (see for example Fig.
13B) to movement of a first vessel controller apparatus
off of center along at least one degree of freedom such
as the X-axis. The reversing bucket position (port and
starboard reversing buckets) is configured by modules
1700, 1703 in response to the received net transverse
translational thrust commands on line 2132, to one of two
discrete positions, fully up and fully down. In addition, the
engine rpm for the port and starboard engines are varied,
by port engine rpm module 1701 and starboard engine
rpm module 1704, to vary proportionally with respect to
the net transverse translational thrust commands on line
2132.

[0163] Itisto be appreciated that the controller as pro-
grammed as illustrated in Fig. 29 provides a set of actu-
ator control signals 1052, 1053 so that the first reversing
bucket and the second reversing bucket are positioned
so that substantially no net rotational force is induced to
the marine vessel for received net translational thrust
commands. In particular, the processor is programmed
to provide the actuator control signals 1052, 1053 so that
the first reversing bucket is positioned in one of a first
and a second discrete position and so that the second
reversing bucket is positioned in one of the first and the
second discrete positions. In some embodiments, the
first discrete position is a substantially full up position and
the second discrete position is a substantially full down
position. In particular, as illustrated in Fig 29, the first
(port) reversing bucket is configured to be in the first dis-
crete position which is a substantially full up position and
the second reversing bucket (starboard) is positioned to
be in the second discrete position which is a substantially
full down position, for net translation thrust commands
with a starboard component, and vice versa for net trans-
lational thrust commands with a port component. In ad-
dition, as has been discussed above with respect to Figs
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14B and 15B, the controller or processor is programmed
to provide another set of actuator control signals 1050,
1051 so that an engine rpm of the first and second steer-
ing nozzles varies proportionally to the net translational
thrust command. In addition, for some embodiments as
has been discussed above with respect to Figs 14E and
15E, the processor is programmed to provide the actu-
ator control signals 1050, 1051 so that the engine rpm
of one of the port and starboard steering nozzles has a
step up in engine rpm from the rpm value that varies
proportionally to the net translational thrust command,
when the corresponding one of the first and second re-
versing buckets is in a substantially full down position
and vice versa.

[0164] As has been discussed above with reference to
Figs. 13E-F, this embodiment has an advantage in that
the for-aft thrust component (the engine RPM’s) can be
modulated (varied for example from full thrust as illus-
trated in Fig. 13E to half thrust as illustrated in Fig. 13F)
with the reversing bucket at a fixed position, such as full
up position, and the nozzle(s) at an angle ® (presumably
required to hold a steady heading of the vessel due to
external influences such as water current and/or wind)
without affecting the net thrust angle © of the waterjet.
An advantage according to this embodiment, is that by
keeping the reversing buckets stationary while modulat-
ingengine RPM only (as illustrated in Figures 13E & 13F),
the control system and hence the operator are able to
vary the net thrust magnitude applied to the vessel with-
out applying any unwanted rotational force, thereby re-
sulting in movement of the vessel as illustrated in, for
example, Fig. 13H, and Fig. 20 and Fig. 27, as well as
Fig. 31 to be described herein.

[0165] Having described various embodiments of a
marine vessel control system and method herein, it is to
be appreciated that the concepts presented herein may
be extended to systems having any number of control
surface actuators and propulsors and is not limited to the
embodiments presented herein. Modifications and
changes will occurtothose skilled inthe artand are meant
to be encompassed by the scope of the present descrip-
tion and accompanying claims. It is, therefore, to be un-
derstood that the appended claims are intended to cover
all such modifications and changes as fall within the
range of equivalents and disclosure herein.

Claims

1. A system for controlling a marine vessel (10) having
first and second waterjets (150P,150S) and corre-
sponding first and second reversing buckets (154)
comprising a processor (130) configured to receive
a first vessel control signal (1000, 1020) correspond-
ing to a translational thrust command in a port-star-
board direction and/or in a forward-aft direction and
thatis configured to provide at least one first actuator
control signal (1054,1055,AC4) and a second set of
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actuator control signals (1052,1053,AC3) wherein
the at least one first actuator control signal
(1054,1055,AC4) is to be coupled to and control the
first and second waterjets (150P,150S) and the sec-
ond set of actuator control signals (1052,1053,AC3)
are to be coupled to and control the first and second
reversing buckets (154) and characterized in that
the processor (130) is configured to provide the sec-
ond set of actuator control signals (1052,1053,AC3)
so that the first reversing bucket (154) is positioned
in a first discrete position and so that the second
reversing bucket (154) is positioned in a second dis-
crete position, in response to receipt of the first ves-
sel control signal (1000;1020) that corresponds to a
translational thrust command having a component
in one of a port and a starboard direction, and

the processor (130) is configured to maintain the first
reversing bucket (154) in the first discrete position
and the second reversing bucket (154) in the second
discrete position for all first vessel control signals
(1000,1020) that correspond to the translational
thrust command having a componentonly in the one
of the port and the starboard direction, and the trans-
lational thrust command having a component in one
of the port and the starboard direction and a compo-
nent in the forward-aft direction.

The system of claim 1, wherein the first waterjet
(150P, 150S) comprises a first steering nozzle (158)
and the second waterjet (150P,150S) comprises a
second steering nozzle (158).

The system of claim 1 or claim 2, wherein the trans-
lational thrust command corresponds to movement
of a first vessel control apparatus (100) off of centre
along one degree of freedom.

The system of any preceding claim, wherein the
processor (130) is programmed to provide the sec-
ond set of actuator control signals (1054,1055,AC4)
so that the first reversing bucket (154) and the sec-
ond reversing bucket (154) are positioned so that
substantially no net rotational force is induced to the
marine vessel (10).

The system of any preceding claim, wherein the
processor (130) is programmed to provide the sec-
ond set of actuator control signals (1052,1053,AC3)
so that the first discrete position is a substantially full
up position and the second discrete position is a sub-
stantially full down position.

The system of any preceding claim, wherein the
processor (130) is programmed to provide the sec-
ond set of actuator control signals (1052,1053,AC3)
so as to position the first reversing bucket (154) in
the first discrete position which is a substantially full
up position and to position the second reversing
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bucket (154) in the second discrete position which
is a substantially full down position in response to
receipt of the first vessel control signal (1000).

The system of any preceding claim, wherein in re-
sponse to all translational thrust commands with a
portcomponent, the controller (130) provides the first
(1054,1055,AC4) and second (1052,1053,AC3) ac-
tuator control signals to position each of the first and
second reversing buckets (154) in the respective first
and second discrete positions, and in response to
all translational thrust commands with a starboard
component, the controller (130) provides the first
(1054,1055,AC4) and second (1052,1053,AC3) ac-
tuator control signals to position each of the first and
second reversing buckets (154) to the other of the
respective second and first discrete positions.

The system of any preceding claim, wherein the first
reversing bucket (154) is a port reversing bucket and
the controller (130) provides the first
(1054,1055,AC4) and second (1052,1053,AC3) ac-
tuator control signals to position the first reversing
bucket (154) in a substantially down position in re-
sponse to all translational thrust commands with a
component in the port direction, and the second re-
versing bucket (154) is a starboard reversing bucket
and the controller (130) provides the first
(1054,1055,AC4) and second (1052,1053,AC3) ac-
tuator control signals to position the second revers-
ing bucket (154) in the substantially down position
inresponse to all translational thrust commands with
a component in the starboard direction.

The system of claim 8, wherein the controller (130)
provides the first (1054,1055,AC4) and second
(1052,1053,AC3) actuator control signals to position
the port reversing bucket in a substantially up posi-
tion when translational thrusts are commanded with
a componentin the starboard direction, and the con-
troller (130) provides the first (1054,1055,AC4) and
second (1052,1053,AC3) actuator control signals to
position the starboard reversing bucket in the sub-
stantially up position when translational thrusts are
commanded with a component in the port direction.

The system of any preceding claim, wherein the
processor (130) is programmed to further control a
first engine rpm and a second engine rpm corre-
sponding to the first and second waterjets (150P,
1508) so that the first engine rpm and the second
engine rpm corresponding to the first and second
waterjets (150P,150S) varies proportionally to
movement of a first vessel control apparatus (100)
off centre along at least one degree of freedom.

The system of claim 10, wherein the processor (130)
is programmed so thatthe engine rpm corresponding
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to the first waterjet (150P,150S) has a step up in
engine rpm from the rpm corresponding to the sec-
ond waterjet (150P,150S) when the corresponding
first reversing bucket (154) is in a substantially down
position.

The system as claimed in any preceding claim, fur-
ther comprising a second vessel control apparatus
(120) having a third degree of freedom and providing
a second vessel control signal (1030) corresponding
to movement of the second vessel control apparatus
(120) along the third degree of freedom and wherein
the processor (130) is further configured to provide
the first actuator control signal (1054,1055,AC4) and
the second set of actuator control signals
(1052,1053,AC3) so that a net force is induced to
the marine vessel (10) in substantially a same direc-
tion as movement of the first vessel control appara-
tus (100) and the second vessel control apparatus
(120), for all movements of the first vessel control
apparatus (100) along the at least two degrees of
freedom and for all movements of the second vessel
control apparatus (120) along the third degree of
freedom.

The system as claimed in claim 12, wherein the proc-
essor (130) is further configured to provide the first
actuator control signal (1054,1055,AC4) and the
second set of actuator control signals
(1052,1053,AC3) so that substantially no net rota-
tional force is induced to the marine vessel (10) when
the second vessel control apparatus (120) is posi-
tioned in a neutral position.

The system as claimed in claim 1, wherein the proc-
essor (130) is further configured to provide the first
actuator control signal (1000) such that there are on-
ly two discrete positions for the first reversing bucket
(154) and the second reversing bucket (154) which
are the first discrete position and the second discrete
position.

A method for controlling a marine vessel (10) having
first and second waterjets (150P,150S) and corre-
sponding first and second reversing buckets (154)
comprising receiving a first vessel control signal
(1000;1020) corresponding to a translational thrust
command having at least one component in one of
a port and a starboard direction and/or in a forward-
aft direction, generating at least one first actuator
control signal (1054,1055,AC4) and a second set of
actuator control signals (1052,1053,AC3) in re-
sponse to the first vessel control signal (1000), cou-
pling the at least one first actuator control signal
(1054,1055,AC4) to and controlling the first and sec-
ond waterjets (150P,1508S), coupling the second set
of actuator control signals (1054,1055,AC4) to and
controlling the first and second reversing buckets
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(154) and

positioning the first reversing bucket (154) in a first
discrete position and the second reversing bucket
(154) in a second discrete position and character-
ized in that the first reversing bucket (154) is main-
tained in the first discrete position and the second
reversing bucket (154) is maintained in the second
discrete position for all first vessel control signals
(1000;1020) that correspond to the translational
thrust command having a component only in the one
of the port and the starboard direction, and the trans-
lational thrust command having a component in one
of the port and the starboard direction and a compo-
nent in the forward-aft direction.

The method of claim 15, wherein the first and second
waterjets (150P,150S) comprise first and second
steering nozzles (158) and the act of coupling the at
least one first actuator control  signal
(1054,1055,AC4) to and controlling the first and sec-
ond waterjets (150P,150S) comprises coupling the
at least one first actuator control signal
(1054,1055,AC4) to and controlling the first and sec-
ond steering nozzles (158).

The method of claim 15 or 16, wherein the act of
receiving the first vessel control signal (1000) com-
prisesreceiving a signal corresponding to movement
of a first vessel control apparatus (100) off centre
along at least one degree of freedom

The method of any of claims 15 to 17, wherein the
act of generating the second set of actuator control
signals (1052,1053,AC3) comprises providing the
second set of actuator control signals
(1052,1053,AC3) so that the first discrete position
and the second discrete position induce substantially
no net rotational force to the marine vessel (10).

The method of any of claims 15 to 18, wherein the
act of generating the second set of actuator control
signals (1052,1053,AC3) comprises providing the
second set of actuator control signals
(1052,1053,AC3) so that the first discrete position is
a substantially full up position and the second dis-
crete position is a substantially full down position.

The method of any of claims 15 to 19, wherein the
act of positioning comprises positioning the first re-
versing bucket (154) in the first discrete position
which is a substantially full up position and position-
ing the second reversing bucket (154) in the second
discrete position which is a substantially full down
position in response to receipt of the first vessel con-
trol signal (1000).

The method of any of claims 15 to 20, wherein the
act of receiving comprises receiving translational
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thrust commands with a port component and the act
of positioning comprises positioning each of the first
and secondreversing buckets (154) in the respective
first and second discrete positions, and wherein the
act of receiving comprises receiving all translational
thrust commands with a starboard component, and
the act of positioning comprises positioning each of
the first and second reversing buckets (154) to the
respective second and first discrete positions.

The method of any of claims 15 to 21, wherein the
act of receiving comprises receiving translational
thrust commands with a component in the port di-
rection, wherein the first reversing bucket (154) is a
port reversing bucket and the act of positioning com-
prises positioning the first reversing bucket (154) in
a substantially down position, and wherein the act
of receiving comprises receiving translational thrust
commands with a component in the starboard direc-
tion, the second reversing bucket (154) is a starboard
reversing bucket and the act of positioning compris-
es positioning the second reversing bucket (154) in
a substantially down position.

The method of claim 22, wherein the act of position-
ing comprises positioning the port reversing bucket
in a substantially up position in response to the act
of receiving translational thrusts commands with a
component in the starboard direction, and the act of
positioning comprises positioning the starboard re-
versing bucket in the substantially up position in re-
sponse to the act of receiving translational thrusts
commands with a component in the port direction.

The method of any of claims 15 to 23, further com-
prising controlling an engine rpm corresponding to
the first and second waterjets (150P,150S) to vary
proportionally to movement of a first vessel control
apparatus (100) off center along at least one degree
of freedom.

The method of claim 24, wherein the act of controlling
the engine rpm comprises controlling the engine rpm
so that an engine rpm corresponding to the first wa-
terjets (150P,150S) has a step up in engine rpm from
the engine rpm corresponding to the second waterjet
(150P,150S) when the first reversing bucket (154)
is in a substantially full down position.

The method of claims 15 to 25, further comprising
receiving a second vessel control signal (1030) cor-
responding to movement of a second vessel control
apparatus (120) along a third degree of freedom and
inducing a net force to the marine vessel (10) sub-
stantially in a same direction as movement of the
first vessel control apparatus (100) and the second
vessel control apparatus (120) for all movements of
the first vessel control apparatus (100) along the two
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degrees of freedom and for all movements of the
second vessel control apparatus (120) along the
third degree of freedom.

The method of claim 26, further comprising inducing
a net force to the marine vessel so that substantially
no net rotational force is induced to the marine vessel
(10) when the second vessel control apparatus (120)
is positioned in a neutral position.

The method of claims 15 to 27, wherein the act of
maintaining the first reversing bucket (154) in the
first discrete position and the second reversing buck-
et (154) in the second discrete position comprises
maintaining the first reversing bucket (154) and the
second reversing bucket (154) in only two discrete
positions, which are the first discrete position and
the second discrete position

Patentanspriiche

1.

System zum Steuern eines Seeschiffs (10) miteinem
ersten und einem zweiten Wasserstrahl (150P,
150S) und entsprechenden ersten und zweiten Um-
kehrschaufeln (154), das einen Prozessor (130) um-
fasst, der zum Empfangen eines ersten Schiffssteu-
ersignals (1000, 1020), das einem Translations-
schubbefehl in Backbord-Steuerbord-Richtung und/
oder in Vorwarts-Rickwarts-Richtung entspricht,
und zum Erzeugen wenigstens eines ersten Aktua-
torsteuersignals (1054, 1055, AC4) und eines zwei-
ten Satzes von Aktuatorsteuersignalen (1052, 1053,
AC3) konfiguriert ist, wobei das wenigstens eine er-
ste Aktuatorsteuersignal (1054, 1055, AC4) mitdem
ersten und zweiten Wasserstrahl (150P, 150S) ge-
koppelt werden und sie steuern soll, und der zweite
Satz von Aktuatorsteuersignalen (1052, 1053, AC3)
mit der ersten und zweiten Umkehrschaufel (154) zu
koppeln ist und sie steuern soll, und dadurch ge-
kennzeichnet, dass der Prozessor (130) zum Er-
zeugen des zweiten Satzes von Aktuatorsteuersi-
gnalen (1052, 1053, AC3) konfiguriert ist, so dass
als Reaktion auf den Empfang des ersten Schiffs-
steuersignals (1000; 1020), das einem Translations-
schubbefehl mit einer Komponente in Backbord-
oder in Steuerbordrichtung entspricht, die erste Um-
kehrschaufel (154) in eine erste diskrete Position ge-
stellt wird und die zweite Umkehrschaufel (154) in
eine zweite diskrete Position gestellt wird, und

der Prozessor (130) zum Halten der ersten Um-
kehrschaufel (154) in der ersten diskreten Position
und der zweiten Umkehrschaufel (154) in der zwei-
ten diskreten Position fir alle ersten Schiffssteuer-
signale (1000, 1020) konfiguriert ist, die dem Trans-
lationsschubbefehl mit einer Komponente nur in der
Backbord- oder der Steuerbordrichtung entspre-
chen, und der Translationsschubbefehl eine Kom-
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ponente in der Backbord- oder der Steuerbordrich-
tung und eine Komponente in der Vorwarts-Riick-
warts-Richtung hat.

System nach Anspruch 1, wobei der erste Wasser-
strahl (150P, 150S) eine erste Lenkdulse (158) um-
fasstund der zweite Wasserstrahl (150P, 150S) eine
zweite Lenkdise (158) umfasst.

System nach Anspruch 1 oder Anspruch 2, wobei
der Translationsschubbefehl einer Bewegung einer
ersten Schiffssteuervorrichtung (100) von der Mitte
weg entlang einem Freiheitsgrad entspricht.

System nach einem vorherigen Anspruch, wobei der
Prozessor (130) zum Erzeugen des zweiten Satzes
von Aktuatorsteuersignalen (1054, 1055, AC4) pro-
grammiert ist, so dass die erste Umkehrschaufel
(154) und die zweite Umkehrschaufel (154) so ge-
stellt werden, dass das Seeschiff (10) im Wesentli-
chen nicht mit einer Nettodrehkraft beaufschlagt
wird.

System nach einem vorherigen Anspruch, wobei der
Prozessor (130) so programmiert ist, dass er den
zweiten Satz von Aktuatorsteuersignalen (1052,
1053, AC3) so erzeugt, dass die erste diskrete Po-
sition im Wesentlichen eine Ganz-oben-Position und
die zweite diskrete Position im Wesentlichen eine
Ganz-unten-Position ist.

System nach einem vorherigen Anspruch, wobei der
Prozessor (130) zum Erzeugen des zweiten Satzes
von Aktuatorsteuersignalen (1052, 1053, AC3) pro-
grammiert ist, um als Reaktion auf den Empfang des
ersten Schiffssteuersignals (1000) die erste Um-
kehrschaufel (154) in die erste diskrete Position zu
stellen, die im Wesentlichen eine Ganz-oben-Posi-
tion ist, und die zweite Umkehrschaufel (154) in die
zweite diskrete Position zu stellen, die im Wesentli-
chen eine Ganz-unten-Position ist.

System nach einem vorherigen Anspruch, wobei die
Steuerung (130) als Reaktion auf alle Translations-
schubbefehle mit einer Backbordkomponente das
erste (1054, 1055, AC4) und das zweite (1052, 1053,
AC3) Aktuatorsteuersignal zum Stellen jeder der er-
sten und zweiten Umkehrschaufeln (154) in die je-
weilige erste und zweite diskrete Position erzeugt
und die Steuerung (130) als Reaktion auf alle Trans-
lationsschubbefehle mit einer Steuerbordkompo-
nente das erste (1054, 1055, AC4) und das zweite
(1052, 1053, AC3) Aktuatorsteuersignal zum Stellen
jederderersten und zweiten Umkehrschaufeln (154)
in die andere der jeweiligen zweiten und ersten dis-
kreten Position erzeugt.

System nach einem vorherigen Anspruch, wobei die
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erste Umkehrschaufel (154) eine Backbord-Um-
kehrschaufel ist und die Steuerung (130) als Reak-
tion auf alle Translationsschubbefehle mit einer
Komponente in Backbordrichtung das erste (1054,
1055, AC4) und zweite (1052, 1053, AC3) Aktuator-
steuersignal zum Stellen der ersten Umkehrschaufel
(154) in eine im Wesentlichen untere Position er-
zeugt, und die zweite Umkehrschaufel (154) eine
Steuerbord-Umkehrschaufel ist und die Steuerung
(130) als Reaktion auf alle Translationsschubbefeh-
le mit einer Komponente in Steuerbordrichtung das
erste (1054, 1055, AC4) und zweite (1052, 1053,
AC3) Aktuatorsteuersignal zum Stellen der zweiten
Umkehrschaufel (154) in die im Wesentlichen untere
Position erzeugt.

System nach Anspruch 8, wobei die Steuerung (130)
das erste (1054, 1055, AC4) und zweite (1052, 1053,
AC3) Aktuatorsteuersignal zum Stellen der Back-
bord-Umkehrschaufelin eineim Wesentlichen obere
Position erzeugt, wenn Translationsschiibe mit einer
Komponente in Steuerbordrichtung befohlen wer-
den, und die Steuerung (130) das erste (1054, 1055,
AC4) und zweite (1052, 1053, AC3) Aktuatorsteuer-
signal zum Stellen der Steuerbord-Umkehrschaufel
in die im Wesentlichen obere Position erzeugt, wenn
Translationsschiibe mit einer Komponente in Back-
bordrichtung befohlen werden.

System nach einem vorherigen Anspruch, wobei der
Prozessor (130) so programmiert ist, dass er ferner
eine erste Triebwerksdrehzahl und eine zweite
Triebwerksdrehzahl entsprechend dem ersten und
zweiten Wasserstrahl (150P, 150S) regelt, so dass
die erste Triebwerksdrehzahl und die zweite Trieb-
werksdrehzahl entsprechend dem ersten und zwei-
ten Wasserstrahl (150P, 150S) proportional zur Be-
wegung einer ersten Schiffssteuervorrichtung (100)
von der Mitte weg entlang wenigstens einem Frei-
heitsgrad variieren.

System nach Anspruch 10, wobei der Prozessor
(130) so programmiertist, dass die dem ersten Was-
serstrahl (150P, 150S) entsprechende Triebwerks-
drehzahl von der dem zweiten Wasserstrahl (150P,
150S) entsprechenden Drehzahl hochgestuft wird,
wenn die entsprechende erste Umkehrschaufel
(154) im Wesentlichen in einer unteren Position ist.

System nach einem vorherigen Anspruch, das ferner
eine zweite Schiffssteuervorrichtung (120) mit einem
dritten Freiheitsgrad umfasst und ein zweites
Schiffssteuersignal (1030) erzeugt, das einer Bewe-
gung derzweiten Schiffssteuervorrichtung (120) ent-
lang dem dritten Freiheitsgrad entspricht, und wobei
der Prozessor (130) ferner zum Erzeugen des ersten
Aktuatorsteuersignals (1054, 1055, AC4) und des
zweiten Satzes von Aktuatorsteuersignalen (1052,
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1053, AC3) konfiguriert ist, so dass das Seeschiff
(10) mit einer Nettokraft im Wesentlichen in dersel-
ben Richtung beaufschlagt wird wie eine Bewegung
der ersten Schiffssteuervorrichtung (100) und der
zweiten Schiffssteuervorrichtung (120), fir alle Be-
wegungen der ersten Schiffssteuervorrichtung (100)
entlang den wenigstens zwei Freiheitsgraden und
fur alle Bewegungen der zweiten Schiffssteuervor-
richtung (120) entlang dem dritten Freiheitsgrad.

System nach Anspruch 12, wobei der Prozessor
(130) ferner zum Erzeugen des ersten Aktuatorsteu-
ersignals (1054, 1055, AC4) und des zweiten Satzes
von Aktuatorsteuersignalen (1052, 1053, AC3) kon-
figuriert ist, so dass das Seeschiff (10) im Wesentli-
chen nicht mit einer Nettodrehkraft beaufschlagt
wird, wenn die zweite Schiffssteuervorrichtung (120)
in eine neutrale Position gestellt wird.

System nach Anspruch 1, wobei der Prozessor (130)
ferner zum Erzeugen des ersten Aktuatorsteuersi-
gnals (1000) konfiguriert ist, so dass es nur zwei dis-
krete Positionen fur die erste Umkehrschaufel (154)
und die zweite Umkehrschaufel (154) gibt, die die
erste diskrete Position und die zweite diskrete Posi-
tion sind.

Verfahren zum Steuern eines Seeschiffs (10) mit er-
sten und zweiten Wasserstrahlen (150P, 150S) und
entsprechenden ersten und zweiten Umkehrschau-
feln (154), das Folgendes beinhaltet: Empfangen ei-
nes ersten Schiffssteuersignals (1000; 1020), das
einem Translationsschubbefehl mit wenigstens ei-
ner Komponente in Backbord- oder Steuerbordrich-
tung und/oder in Vorwarts-Ruckwarts-Richtung ent-
spricht, Erzeugen wenigstens eines ersten Aktuator-
steuersignals (1054, 1055, AC4) und eines zweiten
Satzes von Aktuatorsteuersignalen (1052, 1053,
AC3) als Reaktion auf das erste Schiffssteuersignal
(1000), Koppeln des wenigstens einen ersten Aktua-
torsteuersignals (1054, 1055, AC4) mit den ersten
und zweiten Wasserstrahlen (150P, 150S) und Steu-
ern derselben, Koppeln des zweiten Satzes von Ak-
tuatorsteuersignalen (1054, 1055, AC4) mit der er-
stenund zweiten Umkehrschaufel (154) und Steuern
derselben, und Stellen der ersten Umkehrschaufel
(154) in eine erste diskrete Position und der zweiten
Umkehrschaufel (154) in eine zweite diskrete Posi-
tion, und dadurch gekennzeichnet, dass die erste
Umkehrschaufel (154) in der ersten diskreten Posi-
tion gehalten wird und die zweite Umkehrschaufel
(154) in der zweiten diskreten Position gehalten wird,
fur alle ersten Schiffsteuersignale (1000; 1020), die
dem Translationsschubbefehl mit einer Komponen-
te nur in Backbord- oder Steuerbordrichtung und
dem Translationsschubbefehl mit einer Komponen-
te in Backbord- oder Steuerbordrichtung und einer
Komponente in der Vorwarts-Rickwarts-Richtung
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entsprechen.

Verfahren nach Anspruch 15, wobei der erste und
zweite Wasserstrahl (150P, 150S) erste und zweite
Lenkdisen (158) umfassen und der Vorgang des
Koppelns des wenigstens einen ersten Aktuator-
steuersignals (1054, 1055, AC4) mit ersten und
zweiten Wasserstrahlen (150P, 150S) und des Steu-
erns derselben das Koppeln des wenigstens einen
ersten Aktuatorsteuersignals (1054, 1055, AC4) mit
der ersten und zweiten Lenkdlse (158) und das
Steuern derselben beinhaltet.

Verfahren nach Anspruch 15 oder 16, wobei der Vor-
gang des Empfangens des ersten Schiffssteuersi-
gnals (1000) das Empfangen eines Signals beinhal-
tet, das einer Bewegung einer ersten Schiffssteuer-
vorrichtung (100) von der Mitte weg entlang wenig-
stens einem Freiheitsgrad entspricht.

Verfahren nach einem der Anspriiche 15 bis 17, wo-
bei der Vorgang des Erzeugens des zweiten Satzes
von Aktuatorsteuersignalen (1052, 1053, AC3) das
Erzeugen des zweiten Satzes von Aktuatorsteuersi-
gnalen (1052, 1053, AC3) beinhaltet, so dass die
erste diskrete Position und die zweite diskrete Posi-
tion das Seeschiff (10) im Wesentlichen nicht mit ei-
ner Nettodrehkraft beaufschlagen.

Verfahren nach einem der Anspriiche 15 bis 18, wo-
bei der Vorgang des Erzeugens des zweiten Satzes
von Aktuatorsteuersignalen (1052, 1053, AC3) das
Erzeugen des zweiten Satzes von Aktuatorsteuersi-
gnalen (1052, 1053, AC3) beinhaltet, so dass die
erste diskrete Position im Wesentlichen eine Ganz-
oben-Position und die zweite diskrete Position im
Wesentlichen eine Ganz-unten-Position ist.

Verfahren nach einem der Anspriiche 15 bis 19, wo-
beider Stellvorgang das Stellen derersten Umkehrs-
chaufel (154) in die erste diskrete Position, die im
Wesentlichen eine Ganz-oben-Position ist, und das
Stellen der zweiten Umkehrschaufel (154) in die
zweite diskrete Position beinhaltet, die im Wesentli-
chen eine Ganz-unten-Position ist, als Reaktion auf
den Empfang des ersten Schiffsteuersignals (1000).

Verfahren nach einem der Anspriiche 15 bis 20, wo-
bei der Empfangsvorgang das Empfangen von
Translationsschubbefehlen mit einer Backbordkom-
ponente und der Stellvorgang das Stellen jeder der
ersten und zweiten Umkehrschaufeln (154) in die
jeweilige erste und zweite diskrete Position beinhal-
tet, und wobei der Empfangsvorgang das Empfan-
gen aller Translationsschubbefehle mit einer Steu-
erbordkomponente und der Stellvorgang das Stellen
jederderersten und zweiten Umkehrschaufeln (154)
in die jeweilige zweite und erste diskrete Position
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beinhaltet.

Verfahren nach einem der Anspriiche 15 bis 21, wo-
bei der Empfangsvorgang das Empfangen von
Translationsschubbefehlen miteiner Komponente in
Backbordrichtung beinhaltet, wobei die erste Um-
kehrschaufel (154) eine Backbord-Umkehrschaufel
ist, und der Stellvorgang das Stellen der ersten Um-
kehrschaufel (154) in eine im Wesentlichen untere
Position beinhaltet, und wobei der Empfangsvor-
gang das Empfangen von Translationsschubbefeh-
len mit einer Komponente in Steuerbordrichtung be-
inhaltet, wobei die zweite Umkehrschaufel (154) ei-
ne Steuerbord-Umkehrschaufel ist, und der Stellvor-
gang das Stellen der zweiten Umkehrschaufel (154)
in eine im Wesentlichen untere Position beinhaltet.

Verfahren nach Anspruch 22, wobei der Stellvor-
gang das Stellen der Backbord-Umkehrschaufel in
eine im Wesentlichen obere Position als Reaktion
aufden Vorgang des Empfangens von Translations-
schubbefehlen mit einer Komponente in Steuerbord-
richtung beinhaltet, und der Stellvorgang das Stellen
der Steuerbord-Umkehrschaufel in die im Wesentli-
chen obere Position als Reaktion auf den Vorgang
des Empfangens von Translationsschubbefehlen
mit einer Komponente in Backbordrichtung beinhal-
tet.

Verfahren nach einem der Anspriiche 15 bis 23, das
ferner das Regeln einer Triebwerksdrehzahl ent-
sprechend dem ersten und zweiten Wasserstrahl
(150P, 1508) beinhaltet, so dass sie proportional zu
Bewegungen einer ersten Schiffssteuervorrichtung
(100) von der Mitte weg entlang wenigstens einem
Freiheitsgrad variiert.

Verfahren nach Anspruch 24, wobei der Vorgang
des Regelns der Triebwerksdrehzahldas Regelnder
Triebwerksdrehzahl so beinhaltet, dass eine Trieb-
werksdrehzahl entsprechend den ersten Wasser-
strahlen (150P, 150S) von der dem zweiten Wasser-
strahl (150P, 150S) entsprechenden Triebwerks-
drehzahl hochgestuft wird, wenn die erste Umkehrs-
chaufel (154) im Wesentlichen in einer Ganz-unten-
Position ist.

Verfahren nach den Anspriichen 15 bis 25, das fer-
ner das Empfangen eines zweiten Schiffsteuersi-
gnals (1030) entsprechend Bewegungen einer zwei-
ten Schiffssteuervorrichtung (120) entlang einem
dritten Freiheitsgrad und das Beaufschlagen des
Seeschiffs (10) mit einer Nettokraft im Wesentlichen
in derselben Richtung wie die Bewegung der ersten
Schiffssteuervorrichtung (100) und der zweiten
Schiffssteuervorrichtung (120) umfasst, fir alle Be-
wegungen der ersten Schiffssteuervorrichtung (100)
entlang den zwei Freiheitsgraden und fiir alle Bewe-
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gungen der zweiten Schiffssteuervorrichtung (120)
entlang dem dritten Freiheitsgrad.

Verfahren nach Anspruch 26, das ferner das Beauf-
schlagen des Seeschiffs mit einer Nettokraft beinhal-
tet, so dass das Seeschiff (10) im Wesentlichen nicht
mit einer Nettodrehkraft beaufschlagt wird, wenn die
zweite Schiffssteuervorrichtung (120) in eine neutra-
le Position gestellt wird.

Verfahren nach den Anspriichen 15 bis 27, wobei
derVorgang des Haltens der ersten Umkehrschaufel
(154) in der ersten diskreten Position und der zwei-
ten Umkehrschaufel (154) in der zweiten diskreten
Position das Halten der ersten Umkehrschaufel
(154) und der zweiten Umkehrschaufel (154) in nur
zwei diskreten Positionen beinhaltet, die die erste
diskrete Position und die zweite diskrete Position
sind.

Revendications

Systeme pour commander un vaisseau marin (10)
ayant un premier et un deuxieme hydrojet (150P,
1508S) et un premier et un deuxiéme déflecteur d’in-
version de jet (154) correspondants, comprenant un
processeur (130) configuré de fagon a recevoir un
premier signal de commande du vaisseau (1000,
1020) correspondant a une commande de poussée
de translation dans une direction babord-tribord
et/ou dans une direction vers I'avant/vers l'arriére,
et qui est configuré de fagon a fournir au moins un
premier signal de commande de vérin (1054, 1055,
AC4) et un deuxieme ensemble de signaux de com-
mande de vérin (1052, 1053, AC3), dans lequel I'au
moins un premier signal de commande de vérin
(1054, 1055, AC4) doit étre couplé au premier et au
deuxieme hydrojet (150P, 150S) pour les comman-
der et le deuxiéme ensemble de signaux de com-
mande de vérin (1052, 1053, AC3) doit étre couplé
au premier et au deuxiéme déflecteur d’inversion de
jet (154) pour les commander, et caractérisé en ce
que le processeur (130) est configuré de fagon a
fournir le deuxiéme ensemble de signaux de com-
mande de vérin (1052, 1053, AC3) de maniére a ce
que le premier déflecteur d’inversion de jet (154) soit
positionné dans une premiére position discréte etde
maniére a ce que le deuxieme déflecteur d’inversion
de jet (154) soit positionné dans une deuxiéme po-
sition discréte, en réponse a la réception du premier
signal de commande du vaisseau (1000, 1020) qui
correspond a une commande de poussée de trans-
lation ayant une composante dans soit une direction
babord, soit une direction tribord, et

le processeur (130) est configuré de fagon a main-
tenir le premier déflecteur d’inversion de jet (154)
dans la premiéere position discréte et le deuxiéme
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déflecteur d’inversion de jet (154) dans la deuxieme
position discréte pour tous les premiers signaux de
commande du vaisseau (1000, 1020) qui correspon-
dent alacommande de poussée de translation ayant
une composante seulement soit dans la direction ba-
bord, soit dans la direction tribord, et la commande
de poussée de translation ayant une composante
dans soit la direction babord, soit dans la direction
tribord et une composante dans la direction vers
'avant-vers l'arriére.

Systeme selon larevendication 1, danslequel le pre-
mier hydrojet (150P, 150S) comporte une premiére
tuyere de direction (158) et le deuxieme hydrojet
(150P, 150S) comporte une deuxieme tuyére de di-
rection (158).

Systeme selon larevendication 1 ou la revendication
2, dans lequel la commande de poussée de trans-
lation correspond au mouvement d’un premier ap-
pareil de commande du vaisseau (100) décentré le
long d’'un degré de liberté.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le processeur (130) est
programmé de fagon a fournir le deuxiéme ensemble
de signaux de commande de vérin (1054, 1055,
AC4) de maniére a ce que le premier déflecteur d’in-
version de jet (154) et le deuxieme déflecteur d’in-
version de jet (154) soient positionnés de sorte
qu’essentiellementaucune force de rotation nette ne
soit appliquée sur le vaisseau marin (10).

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le processeur (130) est
programmeé de fagon a fournir le deuxiéme ensemble
de signaux de commande de vérin (1052, 1053,
AC3) de maniére a ce que la premiere position dis-
crete soit une position essentiellement tout a faithau-
te et la deuxiéme position discréte soit une positions
essentiellement tout a fait basse.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le processeur (130) est
programmeé de fagon a fournir le deuxiéme ensemble
de signaux de commande de vérin (1052, 1053,
AC3) afin de positionner le premier déflecteur d’in-
version de jet (154) dans la premiére position dis-
crete qui est une position essentiellement tout a fait
haute et de positionner le deuxiéme déflecteur d’in-
version de jet (154) dans la deuxieme position dis-
crete qui est une position essentiellement tout a fait
basse en réponse a la réception du premier signal
de commande du vaisseau (1000).

Systeme selon I'une quelconque des revendications
précédentes, dans lequel, en réponse a toutes les
commandes de poussée de translation avec une

10

15

20

25

30

35

40

45

50

55

28

EP 1 648 763 B2

10.

54

composante babord, le dispositif de commande
(130) fournitle premier signal de commande de vérin
(1054, 1055, AC4) et le deuxiéme signal de com-
mande de vérin (1052, 1053, AC3) pour positionner
chacun du premier et du deuxiéme déflecteur d’in-
version de jet (154) dans les premiére et deuxieme
positions discrétes respectives, et, en réponse a tou-
tes les commandes de poussée de translation avec
une composante tribord, le dispositif de commande
(130) fournitle premier signal de commande de vérin
(1054, 1055, AC4) et le deuxiéme signal de com-
mande de vérin (1052, 1053, AC3) pour positionner
chacun des premier et deuxiéme déflecteurs d’inver-
sion de jet (154) dans l'autre des premiere et deuxie-
me positions discrétes respectives.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le premier déflecteur d’in-
version de jet (154) est un déflecteur d’inversion de
jet babord et le dispositif de commande (130) fournit
le premier signal de commande de vérin (1054,
1055, AC4) et le deuxieme signal de commande de
vérin (1052, 1053, AC3) pour positionner le premier
déflecteur d’inversion de jet (154) dans une position
essentiellement basse en réponse a toutes les com-
mandes de poussée de translation avec une com-
posante dans la direction babord, et le deuxieme dé-
flecteur inverseur de jet (154) est un déflecteur d’in-
version de jet tribord et le dispositif de commande
(130) fournitle premier signal de commande de vérin
(1054, 1055, AC4) et le deuxiéme signal de com-
mande de vérin (1052, 1053, AC3) pour positionner
le deuxiéme déflecteur d’inversion de jet (154) dans
la position essentiellement basse en réponse a tou-
tes les commandes de poussée de translation avec
une composante dans la direction tribord.

Systeme selon la revendication 8, dans lequel le dis-
positif de commande (130) fournit le premier signal
de commande de vérin (1054, 1055, AC4) et le
deuxieme signal de commande de vérin (1052,
1053, AC3) pour positionner le déflecteur d’'inversion
de jetbabord dans une position essentiellement hau-
te quand les poussées de translation sont comman-
dées avec une composante dans la direction tribord,
et le dispositif de commande (130) fournit le premier
signal de commande de vérin (1054, 1055, AC4) et
le deuxieme signal de commande de vérin (1052,
1053, AC3) pour positionner le déflecteur d’'inversion
de jet tribord dans la position essentiellement haute
lorsque les poussées de translation sont comman-
dées avec une composante dans la direction babord.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le processeur (130) est
programmeé de fagon a fournir en outre une premiére
vitesse de rotation du moteur et une deuxiéme vi-
tesse de rotation du moteur correspondant au pre-
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mier et au deuxiéme hydrojet (150P, 150S) de ma-
nieére a ce que la premiére vitesse de rotation du
moteur et la deuxiéme vitesse de rotation du moteur
correspondant au premier et au deuxieme hydrojet
(150P, 1508) varient proportionnellement au mou-
vement d’'un premier appareil de commande du vais-
seau (100) décentré le long d’au moins un degré de
liberté.

Systeme selon la revendication 10, dans lequel le
processeur (130) est programmé de fagon a ce que
la vitesse de rotation du moteur correspondant au
premier hydrojet (150P, 150S) ait une élévation de
la vitesse de rotation du moteur par rapport a la vi-
tesse de rotation correspondant au deuxieme hydro-
jet (150P, 1508S) lorsque le premier déflecteur d’in-
version de jet correspondant (154) est dans une po-
sition essentiellement basse.

Systeme selon I'une quelconque des revendications
précédentes, comportant en outre un deuxiéme ap-
pareil de commande de vaisseau (120) ayant un troi-
sieme degré de liberté et fournissant un deuxieme
signal de commande du vaisseau (1030) correspon-
dant au mouvement du deuxiéme appareil de com-
mande du vaisseau (120) le long du troisi€me degré
deliberté, etdans lequel le processeur (130) est con-
figuré en outre de fagon a fournir le premier signal
de commande de vérin (1054, 1055, AC4) et le
deuxiéme ensemble de signaux de commande de
vérin (1052, 1053, AC3) de maniére a ce qu’une for-
ce nette soit appliquée sur le vaisseau marin (10)
dans essentiellement une méme direction que le
mouvement du premier appareil de commande du
vaisseau (100) et du deuxiéme appareil de comman-
de du vaisseau (120), pour tous les mouvements du
premier appareil de commande du vaisseau (100)
le long des au moins deux degrés de liberté et pour
tous les mouvements du deuxiéme appareil de com-
mande du vaisseau (120) le long du troisi€me degré
de liberté.

Systeme selon la revendication 12, dans lequel le
processeur (130) est configuré en outre de fagon a
fournir le premier signal de commande de vérin
(1054, 1055, AC4) et le deuxieme ensemble de si-
gnaux de commande de vérin (1052, 1053, AC3) de
maniere a ce qu’aucune force de rotation nette ne
soit appliquée sur le vaisseau marin (10) lorsque le
deuxiéme appareil de commande du vaisseau (120)
est positionné dans une position neutre.

Systeme selon larevendication 1, danslequel le pro-
cesseur (130) est configuré en outre de fagon a four-
nir le premier signal de commande de vérin (1000)
de maniére a ce qu’il n’y ait que deux positions dis-
cretes pour le premier déflecteur d’inversion de jet
(154) et le deuxieme déflecteur d’'inversion de jet
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(154) qui sont la premiére position discréte et la
deuxiéme position discréte.

Procédé pour commander un vaisseau marin (10)
ayant un premier et un deuxieme hydrojet (150P,
1508S) et un premier et un deuxiéme déflecteur d’in-
version de jet (154) correspondants, comprenant la
réception d’'un premier signal de commande du vais-
seau (1000, 1020) correspondant a une commande
de poussée de translation ayant au moins une com-
posante dans soit une direction babord, soit une di-
rection tribord et/ou dans une direction vers I'avant/
vers l'arriére, la génération d’au moins un premier
signal de commande de vérin (1054, 1055, AC4) et
d’un deuxiéme ensemble de signaux de commande
de vérin (1052, 1053, AC3) en réponse au premier
signal de commande du vaisseau (1000), le coupla-
ge de I'au moins un premier signal de commande de
vérin (1054, 1055, AC4) aux premier et deuxieme
hydrojets (150P, 150S) pour les commander, le cou-
plage du deuxiéme ensemble de signaux de com-
mande de vérin (1054, 1055, AC4) au premier et au
deuxieme déflecteur d’inversion de jet (154) pour les
commander et le positionnement du premier déflec-
teur d’inversion de jet (154) dans une premiére po-
sition discréete et du deuxiéme déflecteur d’'inversion
de jet (154) dans une deuxiéme position discréte et
caractérisé en ce que le premier déflecteur d’inver-
sion de jet (154) est maintenu dans la premiére po-
sition discréte et le deuxiéme déflecteur d’inversion
de jet (154) est maintenu dans la deuxieme position
discrete pour tous les premiers signaux de comman-
de du vaisseau (1000, 1020) qui correspondent a la
commande de poussée de translation ayant une
composante seulement soit dans la direction ba-
bord, soit dans la direction tribord, et la commande
de poussée de translation ayant une composante
dans soit la direction babord, soit dans la direction
tribord et une composante dans les directions vers
I'avant-vers l'arriere.

Procédé selon la revendication 15, dans lequel le
premier et le deuxieme hydrojet (150P, 150S) com-
portent une premiére et une deuxiéme tuyere de di-
rection (158) et 'acte de couplage de I'au moins un
premier signal de commande de vérin (1054, 1055,
AC4) aux premier et deuxiéme hydrojets (150P,
150S) pour les commander comprend le couplage
de I'au moins un premier signal de commande de
vérin (1054, 1055, AC4) aux premiére et deuxieme
tuyeres de direction (158) pour les commander.

Procédé selon larevendication 15 ou 16, dans lequel
I'acte de réception du premier signal de commande
du vaisseau (1000) comprend la réception d’un si-
gnal correspondant au mouvement d’un premier ap-
pareil de commande du vaisseau (100) décentré le
long d’au moins un degré de liberté.
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Procédé selon I'une quelconque des revendications
15 a 17, dans lequel I'acte de génération du deuxié-
me ensemble de signaux de commande de vérin
(1052, 1053, AC3) comprend la fourniture du deuxie-
me ensemble de signaux de commande de vérin
(1052, 1053, AC3) de maniere a ce que la premiére
position discrete et la deuxiéme position discréte
n’appliquent essentiellement aucune force de rota-
tion nette sur le vaisseau marin (10).

Procédé selon I'une quelconque des revendications
15 a 18, dans lequel I'acte de génération du deuxié-
me ensemble de signaux de commande de vérin
(1052, 1053, AC3) comprend la fourniture du deuxie-
me ensemble de signaux de commande de vérin
(1052,1053, AC3) de maniére a ce que la premiére
position discréte soit une position essentiellement
tout a fait haute et la deuxiéme position discréte soit
une position essentiellement tout a fait basse.

Procédé selon I'une quelconque des revendications
15 a 19, dans lequel I'acte de positionnement com-
prend le positionnement du premier déflecteur d’in-
version de jet (154) dans la premiére position dis-
crete qui est une position essentiellement tout a fait
haute et le positionnement du deuxieme déflecteur
d’inversion de jet (154) dans la deuxiéme position
discréte qui est une position essentiellement tout a
faitbasse enréponse alaréception du premier signal
de commande du vaisseau (1000).

Procédé selon I'une quelconque des revendications
15 a 20, dans lequel I'acte de réception comprend
la réception de commandes de poussée de transla-
tion avec une composante babord et I'acte de posi-
tionnement comprend le positionnement de chacun
des premier et deuxiéme déflecteurs d’inversion de
jet (154) dans les premiere et deuxieme positions
respectives, et dans lequel I'acte de réception com-
prend la réception de toutes les commandes de
poussée de translation avec une composante tri-
bord, et I'acte de positionnement comprend le posi-
tionnement de chacun des premier et deuxiéme dé-
flecteurs d’inversion de jet (154) dans les deuxieme
et premiére positions discréetes respectives.

Procédé selon I'une quelconque des revendications
15 a 21, dans lequel l'acte de réception comprend
la réception de commandes de poussée de transla-
tion avec une composante dans la direction babord,
dans lequel le premier déflecteur d’inversion de jet
(154) est un déflecteur d’inversion de jet babord et
I'acte de positionnement comprend le positionne-
ment du premier déflecteur d’inversion de jet (154)
dans une position essentiellement basse, et dans
lequel I'acte de réception comprend la réception des
commandes de poussée de translation avec une
composante dans la direction tribord, le deuxiéme
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déflecteur d’'inversion de jet (154) est un déflecteur
d’inversion de jet tribord et I'acte de positionnement
comprend le positionnement du deuxieme déflecteur
d’inversion de jet (154) dans une position essentiel-
lement basse.

Procédé selon larevendication 22, dans lequel I'acte
de positionnement comprend le positionnement du
déflecteur d’inversion de jet babord dans une posi-
tion essentiellement haute en réponse a l'acte de
réception de commandes de poussées de transla-
tion avec une composante dans la direction tribord,
et I'acte de positionnement comprend le positionne-
ment du déflecteur d’inversion de jet tribord dans la
position essentiellement haute en réponse a l'acte
de réception de commandes de poussées de trans-
lation avec une composante dans la direction ba-
bord.

Procédé selon 'une quelconque des revendications
15 a 23, comprenant en outre la commande de la
vitesse de rotation du moteur correspondant au pre-
mier et au deuxiéme hydrojet (150P, 150S) pour
qu’elle varie proportionnellement au mouvement
d’un premier appareil de commande de vaisseau
(100) décentré le long d’au moins undegré de liberté.

Procédé selon larevendication 24, dans lequel I'acte
de commande de la vitesse de rotation du moteur
comprend la commande de la vitesse de rotation du
moteur de maniére a ce qu’une vitesse de rotation
du moteur correspondant au premier hydrojet (150P,
1508) ait une élévation de la vitesse de rotation du
moteur par rapport a la vitesse de rotation du moteur
correspondant au deuxieme hydrojet (150P, 150S)
lorsque le premier déflecteur d’'inversion de jet (154)
est dans une position essentiellement tout a fait bas-
se.

Procédé selon les revendications 15 a 25, compre-
nant en outre la réception d’un deuxieme signal de
commande du vaisseau (1030) correspondant au
mouvement d’'un deuxiéme appareil de commande
de vaisseau (120) le long d’'un troisieme degré de
liberté et I'application d’une force nette sur le vais-
seau marin (10) essentiellement dans une méme di-
rection que le mouvement du premier appareil de
commande du vaisseau (100) et du deuxiéme ap-
pareil de commande du vaisseau (120) pour tous les
mouvements du premier appareil de commande du
vaisseau (100) le long des deux degrés de liberté et
pour tous les mouvements du deuxiéme appareil de
commande du vaisseau (120) le long du troisieme
degré de liberté.

Procédé selon la revendication 26, comprenant en
outre l'application d’'une force nette sur le vaisseau
marin de maniére a ce qu’essentiellement aucune
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force de rotation nette ne soit appliquée sur le vais-
seau marin (10) lorsque le deuxiéme appareil de
commande du vaisseau (120) est positionné dans
une position neutre.

Procédé selon les revendications 15 a 27, dans le-
quel I'acte de maintien du premier déflecteur d’inver-
sion de jet (154) dans la premiére position discrete
et du deuxieme déflecteur d’inversion de jet (154)
dans la deuxiéme position discréte comprend le
maintien du premier déflecteur d’inversion de jet
(154) et du deuxieme déflecteur d’inversion de jet
(154) dans seulement deux positions discretes, qui
sont la premiére position discréte et la deuxieme po-
sition discréte.
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