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Description

[0001] The present invention relates to a watercraft
propulsion system, a watercraft including the watercraft
propulsion system and watercraft propulsion control
method for controlling a watercraft.

[0002] US 2019/0112021 A1 discloses a watercraft
which includes a port-side forward-reverse propeller
and a starboard-side forward-reverse propeller, two en-
gines that respectively drive the port-side forward-re-
verse propeller and the starboard-side forward-reverse
propeller, two rudders respectively provided rearward of
the port-side forward-reverse propeller and the star-
board-side forward-reverse propeller, and a side thruster
provided at the bow of the watercraft. US 2019/0112021
A1 further discloses that the watercraft is moved and the
bow of the watercraft is turned by generating propulsive
forces from the forward-reverse propellers and the side
thruster according to the operation of a joystick lever.
Further, description is provided regarding calibration for
lateral movement, calibration for oblique movement, and
calibration for bow turning. Particularly, detailed descrip-
tion is provided regarding the calibration for the bow
turning.

[0003] InUS2019/0112021 A1, detailed description of
the calibration for the lateral movement is not provided.
[0004] Document US2014156124A1 discloses a
watercraft with a pair of propulsion devices and a descrip-
tion of the calibration for the lateral movement.

[0005] Other watercrafts and their propulsion arrange-
ment are also known from documents US8700238B2,
US7882791 B2 or US9487283B2.

[0006] The position of the turning center of the water-
craft varies depending on the structure of the hull, the
arrangement of various watercraft devices, cargo, and
the like and, therefore, varies from one watercraft to
another. Even if propulsion devices have the same spe-
cifications, there are variations in propulsive force to be
outputted for the same propulsive force command, and
the propulsive forces generated by the propulsion de-
vices do not always act on the hull in the same manner.
Therefore, watercraft need to be preliminarily individually
calibrated for hull behaviors, particularly for lateral hull
movement, i.e., lateral translation movement without bow
turning. The lateral movement is available when two or
more propulsion devices are provided on the hull. Spe-
cifically, the lateral movement can be achieved by caus-
ing the resultant vector of propulsive forces generated by
two propulsion devices to act along an action line ex-
tending laterally of the hull through the turning center of
the hull. The position of the turning center is unknown.
Therefore, an operation element such as a joystick is
actually operated so as to move the hull laterally, and the
control states (operation states) of the propulsion devices
observed at this time are stored in a memory. Thus,
calibrationis achieved. Since rightward lateral movement
and leftward lateral movement are performed under dif-
ferent operation conditions, it is basically necessary to
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perform the lateral movement calibration separately for
the rightward lateral movement and for the leftward lat-
eral movement.

[0007] Itisthe objectof the presentinvention to provide
a watercraft propulsion system, a watercraft and water-
craft propulsion control method for controlling a water-
craft that are each able to easily perform calibration for
lateral movement, and watercraft including the watercraft
propulsion systems.

[0008] Accordingto the presentinvention said objectis
solved by a watercraft propulsion system having the
features of independent claim 1. Moreover said object
is also solved by a watercraft according to claim 7. Pre-
ferred embodiments are laid down in the dependent
claims.

[0009] Moreover, according to the present invention
said object is solved by watercraft propulsion control
method for controlling a watercraft having the features
of independent claim 11. Preferred embodiments are laid
down in the dependent claims.

[0010] Further preferred embodiments provide water-
craft propulsion systems that are each able to achieve a
proper hull behavior in lateral movement, and watercraft
including the watercraft propulsion systems.

[0011] An embodiment provides a watercraft propul-
sion system including a first propulsion device attachable
toahull, a second propulsion device attachable to the hull
asymmetrically to the first propulsion device with respect
to an anteroposterior center line of the hull, a lateral
movement command generator to generate a first lateral
movement command to laterally move the hullin one of a
rightward direction and a leftward direction, and to gen-
erate a second lateral movement command to laterally
move the hull in the other of the rightward direction and
the leftward direction, and a controller. The controller is
configured or programmed to perform afirst lateral move-
ment control in response to the first lateral movement
command to cause one of the first propulsion device and
the second propulsion device to generate a reverse
propulsive force and cause the other of the first propul-
sion device and the second propulsion device to gener-
ate a forward propulsive force, and to perform a second
lateral movement control in response to the second
lateral movement command to cause the one of the first
propulsion device and the second propulsion device to
generate a forward propulsive force and cause the other
of the first propulsion device and the second propulsion
device to generate a reverse propulsive force. The con-
troller includes a memory to store a first lateral movement
thrust ratio indicating a ratio between the forward propul-
sive force and the reverse propulsive force in the first
lateral movement control and a second lateral movement
thrust ratio indicating a ratio between the forward propul-
sive force and the reverse propulsive force in the second
lateral movement control. The controller is configured or
programmed to set the forward propulsive force and the
reverse propulsive force to be generated in the first lateral
movement control according to the first lateral movement
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thrust ratio stored in the memory, and to set the forward
propulsive force and the reverse propulsive force to be
generated in the second lateral movement control ac-
cording to the second lateral movement thrust ratio
stored in the memory. The controller is configured or
programmed to set the first lateral movement thrust ratio
and the second lateral movement thrust ratio in a calibra-
tion mode and, when one of the first lateral movement
thrust ratio and the second lateral movement thrust ratio
is set in the calibration mode, to set an initial value of the
other of the first lateral movement thrust ratio and the
second lateral movement thrust ratio to the inverse of the
one lateral movement thrust ratio.

[0012] With this arrangement, when a lateral move-
ment thrust ratio for lateral movement in one of opposite
lateral directions is set in the calibration mode, the initial
value of a lateral movement thrust ratio for lateral move-
ment in the other lateral direction is properly set. This
makes it easier to perform calibration for the lateral move-
mentin the other lateral direction. Thus, the calibration for
lateral movement is facilitated.

[0013] The first propulsion device and the second pro-
pulsion device are attachable to the hull asymmetrically
with respect to the center line of the hull. Therefore, for
example, a percentage of a propulsive force effectively
applied from the first propulsion device to the hull and a
percentage of a propulsive force effectively applied from
the second propulsion device to the hull are not neces-
sarily equal to each other, but are dependent on interac-
tions between the hull and water jets generated by the
respective propulsion devices. Specifically, when a water
jetgenerated by one of the first propulsion device and the
second propulsion device is directed toward the hull for
the lateral movement, the propulsive force effectively
acting on the hull is influenced by the degree of the
interaction between the water jet and the hull. The influ-
ence on the lateral movement in one of opposite lateral
directions and the influence on the lateral movement in
the other lateral direction appear asymmetrically with
respect to the center line of the hull. In a preferred
embodiment, therefore, when one of the first lateral
movement thrust ratio and the second lateral movement
thrust ratio is set in the calibration mode, the initial value
of the other of the first lateral movement thrust ratio and
the second lateral movement thrust ratio is set to the
inverse of the one of the first lateral movement thrust ratio
and the second lateral movement thrustratio. This makes
it possible to properly set the initial value in consideration
of the asymmetric arrangement of the first propulsion
device and the second propulsion device, so that cali-
bration to be thereafter performed can be facilitated.
[0014] In a preferred embodiment, the first propulsion
device is an engine propulsion device, and the second
propulsion device is an electric propulsion device.
[0015] In a preferred embodiment, the first propulsion
device is located on the center line, and the second
propulsion device is offset from the center line. With this
arrangement, the first propulsion device and the second
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propulsion device are in different positional relationships
with respect to the center line of the hull, so that the
interaction between the hull and the water jet generated
by the first propulsion device and the interaction between
the hull and the water jet generated by the second pro-
pulsion device appear asymmetrically with respect to the
center of the hull.

[0016] In a preferred embodiment, the first propulsion
device and the second propulsion device are attachable
to the stern of the hull.

[0017] In a preferred embodiment, the first propulsion
device includes a propeller rotation axis lower than the
keel of the hull, and the second propulsion device in-
cludes a propeller rotation axis higher than the keel of the
hull. With this arrangement, the propeller rotation axis of
the first propulsion device is located lower than the keel of
the hull and, therefore, the interaction between the hull
and the water jet generated by the first propulsion device
is smaller. In contrast, the propeller rotation axis of the
second propulsion device is located higher than the keel
of the hull and, therefore, the interaction between the hull
and the water jet generated by the second propulsion
device is greater. Thus, the interaction between the hull
and the water jet generated by the first propulsion device
and the interaction between the hull and the water jet
generated by the second propulsion device are asym-
metrical with respect to the center of the hull.

[0018] Another preferred embodiment provides a
watercraft propulsion system including a first propulsion
device attachable to a hull, a second propulsion device
attachable to the hull asymmetrically to the first propul-
sion device with respect to the anteroposterior center line
of the hull, a lateral movement command generator to
generate a first lateral movement command to laterally
move the hullin one of arightward direction and a leftward
direction, and to generate a second lateral movement
command to laterally move the hull in the other of the
rightward direction and the leftward direction, and a
controller. The controller is configured or programmed
to perform a first lateral movement control in response to
the first lateral movement command to cause one of the
first propulsion device and the second propulsion device
to generate a reverse propulsive force and cause the
other of the first propulsion device and the second pro-
pulsion device to generate a forward propulsive force,
and to perform a second lateral movement control in
response to the second lateral movement command to
cause the one of the first propulsion device and the
second propulsion device to generate a forward propul-
sive force and cause the other of the first propulsion
device and the second propulsion device to generate a
reverse propulsive force. A magnitude relationship be-
tween the forward propulsive force and the reverse pro-
pulsive force in the first lateral movement control and a
magnitude relationship between the forward propulsive
force and the reverse propulsive force in the second
lateral movement control are reversed from each other.
[0019] With this arrangement, the first propulsion de-
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vice and the second propulsion device are attached to the
hull asymmetrically with respect to the center line of the
hull. Therefore, for example, the percentage of a propul-
sive force effectively applied from the first propulsion
device to the hull and the percentage of a propulsive
force effectively applied from the second propulsion de-
vice to the hull are not necessarily equal to each other, but
are dependentoninteractions between the hulland water
jets generated by the respective propulsion devices.
Specifically, when a water jet generated by one of the
first propulsion device and the second propulsion device
is directed toward the hull for the lateral movement, the
propulsive force effectively acting on the hullis influenced
by the degree of the interaction between the water jet and
the hull. The influence on the lateral movement in one of
opposite lateral directions and the influence on the lateral
movement in the other lateral direction are asymmetrical
with respect to the center line of the hull. In a preferred
embodiment, therefore, the magnitude relationship be-
tween the forward propulsive force and the reverse pro-
pulsive force in the first lateral movement control and the
magnitude relationship between the forward propulsive
force and the reverse propulsive force in the second
lateral movement control are reversed from each other.
This makes it possible to achieve a proper hull behavior
for the lateral movement in either direction.

[0020] Anotherfurther preferred embodiment provides
a watercraft including a hull, and a watercraft propulsion
system attached to the hull and including any of the
above-described features.

[0021] The above and other elements, features, steps,
characteristics and advantages of the present invention
will become more apparent from the following detailed
description of the preferred embodiments with reference
to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

FIG. 1 is a plan view showing an exemplary con-
struction of a watercraft mounted with a watercraft
propulsion system according to a preferred embodi-
ment.

FIG. 2 is a side view of the watercraft as seen from a
left side with respect to a bow direction of the water-
craft.

FIG. 3 is a side view showing the structure of an
engine outboard motor by way of example.

FIG. 4 is a side view showing the structure of an
electric outboard motor by way of example.

FIG. 5is arear view of the electric outboard motor as
seen from a rear side of the watercraft.

FIG. 6A is a schematic diagram showing the ar-
rangement of the propellers of the engine outboard
motor and the electric outboard motor as seen from
the rear side of the hull of the watercraft, and FIG. 6B
is a schematic diagram showing how the hull influ-
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ences a water jet around the propeller of the electric
outboard motor.

FIG. 7 is a block diagram showing the configuration
of the watercraft propulsion system by way of exam-
ple.

FIG. 8 is a perspective view showing the structure of
a joystick unit by way of example.

FIGS. 9A and 9B are diagrams for describing ex-
emplary operations to be performed in a first joystick
mode by utilizing the propulsive forces of two propul-
sion devices.

FIG. 10 is a diagram for describing an exemplary
operation to be performed in a second joystick mode
by utilizing the propulsive force of a single propulsion
device.

FIGS. 11A and 11B are vector diagrams each show-
ing lateral translation movement, i.e., showing a
relationship between propulsive forces for lateral
movement.

FIG. 12is a flowchart showing an exemplary process
to be performed by a main controller for lateral move-
ment calibration.

FIG. 13 is a diagram for describing an exemplary
operation (inventive example) in which, after calibra-
tion for lateral movement in one of opposite lateral
directions, a lateral movement thrust ratio is set in
calibration for lateral movement in the other lateral
direction.

FIG. 14 is a diagram for describing another exemp-
lary operation (comparative example) in which, after
the calibration for the lateral movement in the one
lateral direction, a lateral movement thrust ratio is set
in the calibration for the lateral movementin the other
lateral direction.

FIG. 15 is a characteristic diagram showing exemp-
lary increasing characteristics of the propulsive
forces of the electric outboard motor and the engine
outboard motor.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0023] FIG. 1 is a plan view showing an exemplary
construction of a watercraft 1 mounted with a watercraft
propulsion system 100 according to a preferred embodi-
ment. FIG. 2is a side view of the watercraft 1 as seen from
a left side with respect to the bow direction of the water-
craft 1.

[0024] The watercraft 1 includes a hull 2, an engine
outboard motor OM attached to the hull 2, and an electric
outboard motor EM attached to the hull 2. The engine
outboard motor OM and the electric outboard motor EM
are examples of the propulsion devices. The engine
outboard motor OM is an exemplary main propulsion
device. The electric outboard motor EM is an exemplary
auxiliary propulsion device having a lower rated output
than the main propulsion device. The engine outboard
motor OM is an example of the engine propulsion device
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including an engine as its power source, and corre-
sponds to the first propulsion device. The electric out-
board motor EM is an example of the electric propulsion
device including an electric motor as its power source,
and corresponds to the second propulsion device.
[0025] In the present preferred embodiment, the en-
gine outboard motor OM and the electric outboard motor
EM are attached to the stern 3 of the watercraft 1. More
specifically, the engine outboard motor OM and the elec-
tric outboard motor EM are disposed side by side trans-
versely of the hull 2 on the stern 3. In this example, the
engine outboard motor OM is disposed on a transversely
middle portion of the stern 3, and the electric outboard
motor EM is disposed outward (leftward in this example)
of the transversely middle portion of the stern 3. That is,
the engine outboard motor OM is disposed on the ante-
roposterior center line 2a of the hull 2. The electric out-
board motor EM is laterally offset from the center line 2a.
Therefore, the electric outboard motor EM is attached to
the hull 2 asymmetrically to the engine outboard motor
OM with respect to the center line 2a.

[0026] The engine outboard motor OM includes a pro-
peller 32 rotatable about afirst propeller rotation axis 32a.
The electric outboard motor EM includes a propeller 60
rotatable about a second propeller rotation axis 60a. The
first propeller rotation axis 32a and the second propeller
rotation axis 60a are not coaxial, but have different axes.
In the present preferred embodiment, the first propeller
rotation axis 32a and the second propeller rotation axis
60a are spaced apart from each other transversely of the
hull 2 as seen in plan. Further, the first propeller rotation
axis 32a and the second propeller rotation axis 60a are
located at different heights. The first propeller rotation
axis 32a extends in a direction conforming to the steering
angle and the trim angle of the engine outboard motor
OM. The second propeller rotation axis 60a extends in a
direction conforming to the steering angle and the trim
angle of the electric outboard motor EM. Therefore, the
first propeller rotation axis 32a and the second propeller
rotation axis 60a may be parallel or nonparallel, and are
not in a fixed relationship. Where the propeller 32 of the
engine outboard motor OM and the propeller 60 of the
electric outboard motor EM are both located underwater,
the first propeller rotation axis 32a is located lower than
the second propeller rotation axis 60a.

[0027] A usable space 4 for passengers is provided
inside the hull 2. A helm seat 5 is provided in the usable
space 4. A steering wheel 6, a remote control lever 7, a
joystick 8, a gauge 9 (display panel) and the like are
provided in association with the helm seat 5. The steering
wheel 6 is an operation element operable by an operator
to change the course of the watercraft 1. The remote
control lever 7 is an operation element operable by the
operator to change the magnitude (output) and the direc-
tion (forward or reverse direction) of the propulsive force
of the engine outboard motor OM, and corresponds to an
acceleration operation element. The joystick 8 is an
operation element operable instead of the steering wheel
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6 and the remote control lever 7 by the operator for
maneuvering the watercraft.

[0028] FIG. 3isaside view showing the structure of the
engine outboard motor OM by way of example. The
engine outboard motor OM includes a propulsion unit
20, and an attachment mechanism 21 that attaches the
propulsion unit 20 to the hull 2. The attachment mechan-
ism 21 includes a clamp bracket 22 detachably fixed to a
transom plate provided on the stern 3 of the hull 2, and a
swivel bracket 24 connected to the clamp bracket 22
pivotally about a tilt shaft 23 (horizontal pivot shaft).
The propulsion unit 20 is attached to the swivel bracket
24 pivotally about a steering shaft 25. Thus, a steering
angle (the azimuth angle of a propulsive force direction
with respect to the center line of the hull 2) is changeable
by pivoting the propulsion unit 20 about the steering shaft
25. Further, the trim angle of the propulsion unit 20 is
changeable by pivoting the swivel bracket 24 about the tilt
shaft 23. The trim angle is an angle at which the engine
outboard motor OM is attached to the hull 2.

[0029] The housing of the propulsion unit 20 includes
an engine cover (top cowling) 26, an upper case 27,and a
lower case 28. An engine 30 is provided as a prime mover
in the engine cover 26 with the axis of its crank shaft
extending vertically. A drive shaft 31 for power transmis-
sionis connected to the lower end of the crank shaft of the
engine 30, and extends vertically through the upper case
27 into the lower case 28.

[0030] The propeller 32 is provided as a propulsion
member rotatable about the first propeller rotation axis
32aatthe lowerrear side of the lower case 28. A propeller
shaft 29, which is the rotation shaft of the propeller 32,
extends horizontally along the first propeller rotation axis
32a through the lower case 28. The rotation of the drive
shaft 31 is transmitted to the propeller shaft 29 via a shift
mechanism 33.

[0031] The shift mechanism 33 has a plurality of shift
positions (shift states) including a forward shift position, a
reverse shift position, and a neutral shift position. The
neutral shift position corresponds to a cutoff state in
which the rotation of the drive shaft 31 is not transmitted
to the propeller shaft 29. The forward shift position cor-
responds to a state such that the rotation of the drive shaft
31 is transmitted to the propeller shaft 29 so as to rotate
the propeller shaft 29 in a forward drive rotation direction.
The reverse shift position corresponds to a state such
that the rotation of the drive shaft 31 is transmitted to the
propeller shaft 29 so as to rotate the propeller shaft29in a
reverse drive rotation direction. The forward drive rota-
tion direction is such that the propeller 32 is rotated so as
to apply a forward propulsive force to the hull 2. The
reverse drive rotation direction is such that the propeller
32 is rotated so as to apply a reverse propulsive force to
the hull 2. The shift position of the shift mechanism 33 is
switched by a shift rod 34. The shift rod 34 extends
vertically parallel to the drive shaft 31, and is configured
so as to be pivoted about its axis to operate the shift
mechanism 33.
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[0032] A starter motor 35 to start the engine 30, and a
power generator 38 to generate electric power by the
power of the engine 30 after the startup of the engine 30
are provided in association with the engine 30. The
starter motor 35 is controlled by an engine ECU (Electro-
nic Control Unit) 40. The electric power generated by the
power generator 38 is supplied to electric components
provided in the engine outboard motor OM and, in addi-
tion, is used to charge batteries 130, 145 (see FIG. 7)
accommodated in the hull 2 (see FIGS. 1 and 2). Further,
a throttle actuator 37 is provided in association with the
engine 30. The throttle actuator 37 actuates the throttle
valve 36 of the engine 30 so as to change the throttle
opening degree of the engine 30 to change the intake air
amount of the engine 30. The throttle actuator 37 may be
an electric motor. The operation of the throttle actuator 37
is controlled by the engine ECU 40.

[0033] A shift actuator 39 that changes the shift posi-
tion of the shift mechanism 33 is provided in association
with the shift rod 34. The shift actuator 39 is, for example,
an electric motor, and the operation of the shift actuator
39 is controlled by the engine ECU 40.

[0034] Further, a steering rod 47 is fixed to the propul-
sion unit 20, and a steering device 43 to be driven
according to the operation of the steering wheel 6 (see
FIG. 1) is connected to the steering rod 47. The steering
device 43 pivots the propulsion unit 20 about the steering
shaft 25 to perform a steering operation. The steering
device 43 includes a steering actuator 44. The steering
actuator 44 is controlled by a steering ECU 41. The
steering ECU 41 may be provided in the propulsion unit
20. The steering actuator 44 may be an electric motor, or
may be a hydraulic actuator.

[0035] A tilt/trim actuator 46 is provided between the
clamp bracket 22 and the swivel bracket 24. The tilt/trim
actuator 46 includes, for example, a hydraulic cylinder,
and is controlled by the engine ECU 40. The tilt/trim
actuator 46 pivots the swivel bracket 24 about the tilt
shaft 23 to pivot the propulsion unit 20 about the tilt shaft
23.

[0036] FIG.4 isaside view showing the structure of the
electric outboard motor EM by way of example, and FIG.
5is arear view of the electric outboard motor EM as seen
from the rear side of the watercraft 1.

[0037] The electric outboard motor EM includes a
bracket 51 for attachment thereof to the hull 2, and a
propulsion device body 50. The propulsion device body
50 is supported by the bracket 51. The propulsion device
body 50 includes a base 55 supported by the bracket 51,
an upper housing 56 extending downward from the base
55, a tubular (duct-shaped) lower housing 57 disposed
below the upper housing 56, and a drive unit 58 disposed
in the lower housing 57. The propulsion device body 50
further includes a cover 66 that covers the base 55 from
the lower side, and a cowl 67 that covers the base 55 from
the upper side. A tilt unit 69 and a steering unit 72 are
accommodated in a space defined by the cover 66 and
the cowl 67. Further, a buzzer 75 that generates sound
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when the tilt unit 69 is actuated may be accommodated in
this space.

[0038] The drive unit 58 includes the propeller 60, and
an electric motor 61 that rotates the propeller 60. The
electric motor 61 includes a tubular rotor 62 to which the
propeller 60 is fixed radially inward thereof, and a tubular
stator 64 that surrounds the rotor 62 from the radially
outside. The stator 64 is fixed to the lower housing 57, and
the rotor 62 is supported rotatably with respect to the
lower housing 57. The rotor 62 includes a plurality of
permanent magnets 63 disposed circumferentially there-
of. The stator 64 includes a plurality of coils 65 disposed
circumferentially thereof. The rotor 62 is rotated by en-
ergizing the coils 65 such that the propeller 60 is corre-
spondingly rotated about the second propeller rotation
axis 60a to generate a propulsive force.

[0039] The tilt unit 69 includes a tilt cylinder 70 as a tilt
actuator. The tilt cylinder 70 may be a hydraulic cylinder of
electric pump type adapted to pump a hydraulic oil by an
electric pump. One of opposite ends of the tilt cylinder 70
is connected to the lower support portion 52 of the bracket
51, and the other end of the tilt cylinder 70 is connected to
the base 55 via a cylinder connection bracket 71. A tilt
shaft 68 is supported by the upper support portion 53 of
the bracket 51, and the base 55 is connected to the
bracket 51 via the tilt shaft 68 pivotally about the tilt shaft
68. The tilt shaft 68 extends transversely of the hull 2, so
that the base 55 is pivotable upward and downward.
Thus, the propulsion device body 50 is pivotable upward
and downward about the tilt shaft 68.

[0040] An expression "tilt-up" means that the propul-
sion device body 50 is pivoted upward about the tilt shaft
68, and an expression "tilt-down" means that the propul-
sion device body 50 is pivoted downward about the tilt
shaft 68. The tilt cylinder 70 is driven to be extended and
retracted such that the tilt-up and the tilt-down are
achieved. The propeller 60 is moved up to an above-
water position by the tilt-up such that the propulsion
device body 50 is brought into a tilt-up state. Further,
the propeller 60 is moved down to an underwater position
by the tilt-down such that the propulsion device body 50 is
brought into a tilt-down state. Thus, the tilt unit 69 is an
exemplary lift device that moves up and down the pro-
peller 60.

[0041] A tilt angle sensor 76 is provided to detect a tilt
angle (i.e., the angle of the propulsion device body 50
with respect to the bracket 51) to detect the tilt-up state
and the tilt-down state of the propulsion device body 50.
The tilt angle sensor 76 may be a position sensor that
detects the position of the actuation rod of the tilt cylinder
70.

[0042] The steering unit 72 includes a steering shaft73
connected to the lower housing 57 and the upper housing
56, and a steering motor 74. The steering motor 74 is an
exemplary steering actuator that generates a drive force
to pivot the steering shaft 73 about its axis. The steering
unit 72 may further include areduction gear that transmits
the rotation of the steering motor 74 to the steering shaft
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73 while decelerating the rotation of the steering motor
74.Thus, the lower housing 57 and the upper housing 56
are pivoted about the steering shaft 73 by driving the
steering motor 74 such that the direction of the propulsive
force generated by the drive unit 58 is changeable left-
ward and rightward. The upper housing 56 has a plate
shape that extents anteroposteriorly of the hull 2 in a
neutral steering position, and functions as a rudder plate
to be steered by the steering unit 72.

[0043] FIG. 6A is a diagram schematically illustrating
the propellers 32, 60 of the engine outboard motor OM
and the electric outboard motor EM as seen from the rear
side of the hull 2 for description of the arrangement of the
propellers 32, 60.

[0044] When the propeller 32 of the engine outboard
motor OM and the propeller 60 of the electric outboard
motor EM are located underwater, as described above,
the first propeller rotation axis 32a is located at a lower
level than the second propeller rotation axis 60a. More
specifically, the first propeller rotation axis 32a (the pro-
peller rotation axis of the engine outboard motor OM) is
located below the keel 2b of the hull 2. The first propeller
rotation axis 32a is located at a transversely middle
position of the hull 2. On the other hand, the second
propeller rotation axis 60a (the propeller rotation axis
of the electric outboard motor EM) is located at a higher
level than the keel 2b of the hull 2. The second propeller
rotation axis 60a is offset from the transversely middle
position of the hull 2.

[0045] Since the first propeller rotation axis 32a is
located below the keel 2b, a water jet around the propeller
32 of the engine outboard motor OM is hardly influenced
by the hull 2. In contrast, the second propeller rotation
axis 60a is located at a higher level than the keel 2b, so
that water jet around the propeller 60 of the electric out-
board motor EM is likely to be influenced by the hull 2
depending on the steering angle and the propeller rota-
tion direction of the electric outboard motor EM. Speci-
fically, when the electric outboard motor EM is steered
inward to move the rear end of the drive unit 58 (see also
FIG. 4) away from the centerline 2a of the hull 2 and move
the front end of the drive unit 58 toward the center line 2a,
the water jet is more likely to be influenced by the hull 2.
[0046] FIG. 6B is a schematic diagram showing how
the hull 2 influences the water jet around the propeller 60
of the electric outboard motor EM. Since the second
propeller rotation axis 60a is located at a higher level
than the keel 2b, the water jet around the propeller 60
interferes with the hull 2. In FIG. 6B, the propeller 60 is
rotated in reverse, and takes in water from the rear side of
the hull 2 and discharges the water toward the hull 2. The
discharged water jet interferes with the hull 2 to stagnate
such that the propulsive force is reduced. With the pro-
pellers 32, 60 of the engine outboard motor OM and the
electric outboard motor EM thus arranged in different
manners, the magnitudes of propulsive forces effectively
acting on the hull 2 are different even if the engine out-
board motor OM and the electric outboard motor EM
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generate propulsive forces of the same magnitude.
[0047] In addition, when one of the engine outboard
motor OM and the electric outboard motor EM is driven
forward and the other outboard motoris drivenin reverse,
the propeller 60 of the electric outboard motor EMis liable
totrap exhaust gas discharged into water from the engine
outboard motor OM. This may also reduce the propulsive
force of the electric outboard motor EM.

[0048] FIG.7 isablockdiagram showing anexemplary
configuration of the watercraft propulsion system 100
provided in the watercraft 1. The watercraft propulsion
system 100 includes the engine outboard motor OM as
the main propulsion device, and the electric outboard
motor EM as the auxiliary propulsion device. The water-
craft propulsion system 100 includes the lift device to
move up and down the propeller 60 of the electric out-
board motor EM (see FIGS. 4 and 5) between the under-
water position and the above-water position. In the pre-
sent preferred embodiment, the tilt unit 69 provided in the
electric outboard motor EM is an example of the lift
device. The lift device such as the tilt unit 69 may be
incorporated in the electric outboard motor EM, or may be
provided separately from the electric outboard motor EM.
[0049] The watercraft propulsion system 100 includes
a main controller 101. The main controller 101 is con-
nected to an onboard network 102 (CAN: Control Area
Network) provided in the hull 2. Aremote controlunit17, a
remote control ECU 90, a joystick unit 18, a GPS (Global
Positioning System)receiver 110, an azimuth sensor 111,
and the like are connected to the onboard network 102.
The engine ECU 40 and the steering ECU 41 are con-
nected to the remote control ECU 90 via an outboard
motor control network 105. The main controller 101
transmits and receives signals to/from various units con-
nected to the onboard network 102 to control the engine
outboard motor OM and the electric outboard motor EM,
and further controls other units. The main controller 101
has a plurality of control modes, and controls the units in
predetermined manners according to the respective con-
trol modes.

[0050] A steering wheel unit 16 is connected to the
outboard motor control network 105. The steering wheel
unit 16 outputs an operation angle signal indicating the
operation angle of the steering wheel 6 to the outboard
motor control network 105. The operation angle signal is
received by the remote control ECU 90 and the steering
ECU 41. In response to the operation angle signal gen-
erated by the steering wheel unit 16 or a steering angle
command applied from the remote control ECU 90, the
steering ECU 41 correspondingly controls the steering
actuator 44 to control the steering angle of the engine
outboard motor OM.

[0051] The remote control unit 17 generates an opera-
tion position signal indicating the operation position of the
remote control lever 7.

[0052] The joystick unit 18 generates an operation
position signal indicating the operation position of the
joystick 8, and generates an operation signal when one of
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operation buttons 180 of the joystick unit 18 is operated.
[0053] The remote control ECU 90 outputs a propul-
sive force command to the engine ECU 40 via the out-
board motor control network 105. The propulsive force
command includes a shift command that indicates the
shift position of the shift mechanism 33, and an output
command that indicates the output (specifically, the rota-
tion speed) of the engine 30. Further, the remote control
ECU 90 outputs the steering angle command to the
steering ECU 41 via the outboard motor control network
105.

[0054] The remote control ECU 90 performs different
control operations according to different control modes of
the main controller 101. In a control mode for watercraft
maneuvering with the use of the steering wheel 6 and the
remote control lever 7, for example, the propulsive force
command (the shift command and the output command)
is generated according to the operation position signal
generated by the remote control unit 17, and is applied to
the engine ECU 40 by the remote control ECU 90.
Further, the remote control ECU 90 commands the steer-
ing ECU 41 to conform to the operation angle signal
generated by the steering wheel unit 16. In a control
mode for watercraft maneuvering without the use of
the steering wheel 6 and the remote control lever 7, on
the other hand, the remote control ECU 90 conforms to
commands applied by the main controller 101. That is,
the main controller 101 generates the propulsive force
command (the shift command and the output command)
and the steering angle command, which are outputted to
the engine ECU 40 and the steering ECU 41, respec-
tively, by the remote control ECU 90. In a control mode for
watercraft maneuvering with the use of the joystick 8, for
example, the main controller 101 generates the propul-
sive force command (the shift command and the output
command) and the steering angle command according to
the signals generated by the joystick unit 18. The magni-
tude and the direction (the forward direction or the re-
verse direction) of the propulsive force of the engine
outboard motor OM and the steering angle of the engine
outboard motor OM are controlled according to the pro-
pulsive force command (the shift command and the out-
put command) and the steering angle command thus
generated.

[0055] The engine ECU 40 drives the shift actuator 39
according to the shift command to control the shift posi-
tion, and drives the throttle actuator 37 according to the
output command to control the throttle opening degree.
The steering ECU 41 controls the steering actuator 44
according to the steering angle command to control the
steering angle of the engine outboard motor OM.
[0056] The electric outboard motor EM includes a mo-
tor controller 80 and a steering controller 81 connected to
the onboard network 102, and is configured to be actu-
ated in response to commands applied from the main
controller 101. The main controller 101 applies a propul-
sive force command and a steering angle command to
the electric outboard motor EM. The propulsive force
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command includes a shift command and an output com-
mand. The shift command is a rotation direction com-
mand that indicates the stop of the propeller 60, the
forward drive rotation of the propeller 60 or the reverse
drive rotation of the propeller 60. The output command
indicates a propulsive force to be generated, specifically
the target value of the rotation speed of the propeller 60.
The steering angle command indicates the target value of
the steering angle of the electric outboard motor EM. The
motor controller 80 controls the electric motor 61 accord-
ing to the shift command (rotation direction command)
and the output command. The steering controller 81
controls the steering motor 74 according to the steering
angle command.

[0057] Further, the main controller 101 applies a tilt
command to the motor controller 80 via the onboard
network 102. The tilt command indicates the target value
of the tilt angle of the electric outboard motor EM. The
motor controller 80 actuates the tilt cylinder 70 according
to the tilt command to tilt up or down the electric outboard
motor EM to the target tilt angle. The detection signal of
the tilt angle sensor 76 is inputted to the motor controller
80. Thus, the motor controller 80 can acquire the infor-
mation of the tilt angle of the propulsion device body 50,
and transmit the tilt angle information to the main con-
troller 101.

[0058] The GPSreceiver 110 detects the position of the
watercraft 1 by receiving radio waves from an artificial
satellite orbiting the earth, and outputs position data
indicating the position of the watercraft 1 and speed data
indicating the moving speed of the watercraft 1. The main
controller 101 acquires the position data and the speed
data, which are used to control and display the position
and/or the azimuth of the watercraft 1.

[0059] The azimuth sensor 111 detects the azimuth of
the watercraft 1, and generates azimuth data, which is
used by the main controller 101.

[0060] The gauge 9 is connected to the main controller
101 via a control panel network 106. The gauge 9 is a
display device that displays various information for the
watercraft maneuvering. The gauge 9 is connected to the
remote control ECU 90, the motor controller 80, and the
steering controller 81 via the control panel network 106.
Thus, the gauge 9 can display information such as of the
operation state of the engine outboard motor OM, the
operation state of the electric outboard motor EM, and the
position and/or the azimuth of the watercraft 1. The gauge
9 may include an input device 10 such as a touch panel
and buttons. The input device 10 may be operated by the
operator to set various settings and give various com-
mands such that operation signals are outputted to the
control panel network 106.

[0061] A power switch unit 120 operable to turn on a
power supply to the engine outboard motor OM and to
start and stop the engine 30 is connected to the remote
control ECU 90. The power switch unit 120 includes a
power switch 121 operable to turn on and off the power
supply to the engine outboard motor OM, a start switch
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122 operable to start the engine 30, and a stop switch 123
operable to stop the engine 30.

[0062] Withthe powerswitch 121 turned on, the remote
control ECU 90 performs a power supply control to con-
trol the power supply to the engine outboard motor OM.
Specifically, a power supply relay (not shown) provided
between the battery 130 (e.g., 12 V) and the engine
outboard motor OM is turned on. When the start switch
122 is operated with the power supply to the engine
outboard motor OM turned on, the remote control ECU
90 applies a start command to the engine ECU 40. Thus,
the engine ECU 40 actuates the starter motor 35 (see
FIG. 3) to start the engine 30. During the operation of the
engine 30, the battery 130 is charged with the electric
power generated by the power generator 38 (see FIG. 3).
When the stop switch 123 is operated during the opera-
tion of the engine 30, the remote control ECU 90 applies
an engine stop command to the engine ECU 40. In
response to the engine stop command, the engine
ECU 40 performs a stop control operation to stop the
engine 30. Engine outboard motor state information in-
dicating whether or not the power supply to the engine
outboard motor OM is turned on and whether or not the
engine 30 is in operation is applied to the main controller
101 via the onboard network 102 by the remote control
ECU 90.

[0063] A power switch unit 140 operable to turn on and
off a power supply to the electric outboard motor EM is
connected to the electric outboard motor EM. By turning
on and off a power switch 141 provided in the power
switch unit 140, a circuit connected between the electric
outboard motor EM and the battery 145 (e.g., 48 V) that
supplies the electric power to the electric outboard motor
EM is closed and opened to turn on and off the power
supply to the electric outboard motor EM. Electric out-
board motor state information indicating whether or not
the electric outboard motor EM is turned on, i.e., whether
ornotthe electric outboard motor EMis in adrivable state,
is applied to the main controller 101 via the onboard
network 102 by the motor controller 80. The battery
145 is able to receive the electric power generated by
the power generator 38 (see FIG. 3) of the engine out-
board motor OM via a DC/DC convertor 146 (voltage
transformer).

[0064] Further, an application switch panel 150 is con-
nected to the onboard network 102. The application
switch panel 150 includes a plurality of function switches
151 operable to apply predefined function commands.
For example, the function switches 151 may include
switches for automatic watercraft maneuvering com-
mands. Specific examples of the function switches 151
may include switches for an automatic steering function
of maintaining the azimuth of the watercraft 1, for an
automatic steering function of maintaining the course
of the watercraft 1, for an automatic steering function
of causing the watercraft 1 to pass through a plurality of
checkpoints sequentially, and for an automatic steering
function of causing the watercraft 1 to sail along a pre-
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determined pattern (zig-zag pattern, spiral pattern or the
like). A function for the tilt-up or the tilt-down of the electric
outboard motor EM may be assigned to one of the func-
tion switches 151.

[0065] The main controller 101 is able to control the
engine outboard motor OM and the electric outboard
motor EM in a plurality of control modes. The control
modes include a plurality of modes each defined by the
state of the engine outboard motor OM and the state of
the electric outboard motor EM. Specific examples of the
control modes include an electric mode, an engine mode,
adual mode, and an extender mode. The main controller
101 operates according to any one of these control
modes based on the engine outboard motor state infor-
mation and the electric outboard motor state information.
[0066] In the electric mode, the power supply to the
electric outboard motor EM is turned on, and the power
supply to the engine outboard motor OM is turned off.
That is, only the electric outboard motor EM generates
the propulsive force in the electric mode. In the engine
mode, the engine 30 is in operation with the power supply
to the engine outboard motor OM turned on, and the
power supply to the electric outboard motor EM is turned
off. That is, only the engine outboard motor OM gener-
ates the propulsive force in the engine mode. In the dual
mode and the extender mode, the power supply to the
electric outboard motor EM is turned on, and the engine
30 of the engine outboard motor OM is in operation. In the
dual mode, the propulsive force generated by the engine
outboard motor OM and the propulsive force generated
by the electric outboard motor EM are both utilized. In the
extender mode, only the propulsive force generated by
the electric outboard motor EM is utilized, and the engine
30 is driven to generate the electric power to charge the
battery 145. In the electric mode and the extender mode,
the electric outboard motor EM generates the propulsive
force likewise. The operator may set a setting or provide a
command to select the dual mode or the extender mode.
For example, the operator may operate the input device
10 provided in the gauge 9 to set the setting or provide the
command.

[0067] FIG. 8 is a perspective view showing the struc-
ture of the joystick unit 18 by way of example. The joystick
unit 18 includes the joystick 8, which is inclinable forward,
backward, leftward, and rightward (i.e., in all 360-degree
directions) and is pivotable (twistable) about its axis. In
this example, the joystick unit 18 further includes a plur-
ality of operation buttons 180. The operation buttons 180
include a joystick button 181 and holding mode setting
buttons 182 to 184.

[0068] The joystick button 181 is an operation element
operable by the operator to select a control mode (water-
craft maneuvering mode) utilizing the joystick 8, i.e., a
joystick mode.

[0069] The holding mode setting buttons 182, 183, 184
are operation buttons operable by the operator to select
position/azimuth holding system control modes (exam-
ples of the holding mode). More specifically, the holding
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mode setting button 182 is operated to select a fixed point
holding mode (Stay PointTM) in which the position and
the bow azimuth (or the stern azimuth) of the watercraft 1
are maintained. The holding mode setting button 183 is
operated to select a position holding mode (Fish
PointTM) in which the position of the watercraft 1 is
maintained but the bow azimuth (or the stern azimuth)
of the watercraft 1 is not maintained. The holding mode
setting button 184 is operated to select an azimuth hold-
ing mode (Drift PointTM) in which the bow azimuth (or the
stern azimuth) of the watercraft 1 is maintained but the
position of the watercraft 1 is not maintained.

[0070] The control mode of the main controller 101 is
classified into an ordinary mode, the joystick mode, or the
holding mode in terms of operation system.

[0071] Inthe ordinary mode, a steering control opera-
tion is performed according to the operation angle signal
generated by the steering wheel unit 16, and a propulsive
force control operation is performed according to the
operation signal (operation position signal) of the remote
control lever 7. In the present preferred embodiment, the
ordinary mode is a default control mode of the main
controller 101. In the steering control operation, specifi-
cally, the steering ECU 41 drives the steering actuator 44
according to the operation angle signal generated by the
steering wheel unit 16 or the steering angle command
applied from the remote control ECU 90. Thus, the body
of the engine outboard motor OM is steered leftward and
rightward such that the propulsive force direction is chan-
ged leftward and rightward with respectto the hull 2. In the
propulsive force control operation, specifically, the en-
gine ECU 40 drives the shift actuator 39 and the throttle
actuator 37 according to the propulsive force command
(the shift command and the output command) applied to
the engine ECU 40 by the remote control ECU 90. Thus,
the shift position of the engine outboard motor OM is set
to the forward shift position, the reverse shift position, or
the neutral shift position, and the engine output (speci-
fically, the engine rotation speed) is changed.

[0072] Inthe joystick mode, the steering control opera-
tion and the propulsive force control operation are per-
formed according to the operation signal of the joystick 8
of the joystick unit 18.

[0073] Inthe joystick mode, the steering control opera-
tion and the propulsive force control operation are per-
formed on the engine outboard motor OM if the engine
outboard motor OM is in a propulsive force generatable
state. Thatis, the main controller 101 applies the steering
angle command and the propulsive force command to
the remote control ECU 90, and the remote control ECU
90 applies the steering angle command and the propul-
sive force command to the steering ECU 41 and the
engine ECU 40, respectively.

[0074] Inthe joystick mode, the steering control opera-
tion and the propulsive force control operation are per-
formed on the electric outboard motor EM if the electric
outboard motor EM is in a propulsive force generatable
state. In the steering control operation on the electric
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outboard motor EM, specifically, the steering controller
81 of the electric outboard motor EM drives the steering
unit 72 according to the steering angle command applied
to the steering controller 81 by the main controller 101.
Thus, the drive unit 58 and the upper housing 56 of the
electric outboard motor EM are pivoted leftward and
rightward such that the propulsive force direction is chan-
ged leftward and rightward with respectto the hull 2. In the
propulsive force control operation on the electric out-
board motor EM, specifically, the motor controller 80 of
the electric outboard motor EM controls the rotation
direction and the rotation speed of the electric motor
61 according to the propulsive force command (the shift
command and the output command) applied to the motor
controller 80 by the main controller 101. Thus, the rotation
direction of the propeller 60 is set to a forward drive
rotation direction or a reverse drive rotation direction,
and the rotation speed of the propeller 60 is changed.
[0075] FIGS. 9A, 9B, and 10 are diagrams for describ-
ing two types of joystick modes, and showing the opera-
tion states of the joystick 8 and the corresponding beha-
viors of the hull 2. More specifically, FIGS. 9A and 9B
show exemplary operations to be performed in a first
joystick mode in which propulsive forces generated by
the two propulsion devices (in the present preferred
embodiment, the engine outboard motor OM and the
electric outboard motor EM) are both utilized. FIG. 10
shows an exemplary operation to be performed in a
second joystick mode in which a propulsive force gener-
ated by only one of the propulsion devices (in the present
preferred embodiment, one of the engine outboard motor
OM and the electric outboard motor EM) is utilized.
[0076] When the joystick mode is commanded by op-
erating the joystick button 181 in the dual mode, the main
controller 101 performs the control operation according
to the first joystick mode. When the joystick mode is
commanded by operating the joystick button 181 in
any one of the modes other than the dual mode (the
electric mode, the engine mode, or the extender mode),
the main controller 101 performs the control operation
according to the second joystick mode.

[0077] Inthe firstjoystick mode shown in FIGS. 9A and
9B, the main controller 101 defines the inclination direc-
tion of the joystick 8 as an advancing direction command,
and defines the inclination amount of the joystick 8 as a
propulsive force magnitude command that indicates the
magnitude of the propulsive force to be applied in the
advancing direction. Further, the main controller 101
defines the pivoting direction of the joystick 8 about its
axis (with respect to the neutral position of the joystick 8)
as a bow turning direction command, and defines the
pivoting amount of the joystick 8 (with respect to the
neutral position of the joystick 8) as a bow turning speed
command. For execution of these commands, the steer-
ing angle command and the propulsive force command
are generated by the main controller 101 and inputted to
the remote control ECU 90 and to the steering controller
81 and the motor controller 80 of the electric outboard
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motor EM. The remote control ECU 90 transmits the
steering angle command and the propulsive force com-
mand to the steering ECU 41 and the engine ECU 40,
respectively, of the engine outboard motor OM. Thus, the
engine outboard motor OM is steered to a steering angle
according to the steering command, and the shift position
and the engine rotation speed of the engine outboard
motor OM are controlled so as to generate a propulsive
force according to the propulsive force command.
Further, the drive unit 58 and the upper housing 56 of
the electric outboard motor EM are steered to a steering
angle according to the steering command, and the rota-
tion direction and the rotation speed of the electric motor
61 of the electric outboard motor EM are controlled so as
to generate a propulsive force according to the propulsive
force command.

[0078] When the joystick 8 is inclined without being
pivoted in the first joystick mode, the hull 2 is moved in a
direction corresponding to the inclination direction of the
joystick 8 without the bow turning, i.e., with its azimuth
maintained. That is, the hull 2 is in a hull behavior of
translation movement. Examples of the translation move-
ment are shown in FIG. 9A. In general, the translation
movement is typically achieved by driving one of the two
propulsion devices forward and driving the other propul-
sion device reverse with the propulsive force action lines
of the two propulsion devices (extending along the re-
spective propulsive force directions) crossing each other
in the hull 2. Thus, the hull 2 translates in the direction of
the resultant force of the propulsive forces generated by
the two outboard motors OM, EM. In the examples shown
in FIG. 9A, however, only the propulsive force of the
engine outboard motor OM is utilized to move the hull
2 forward in the bow direction and rearward in the stern
direction.

[0079] When the joystick 8 is pivoted (twisted) without
beinginclined in the first joystick mode, the bow of the hull
2 is turned in a direction corresponding to the pivoting
direction of the joystick 8 without any substantial position
change. That is, the hull 2 is in a fixed-point bow turning
behavior. Examples of the fixed-point bow turning beha-
vior are shown in FIG. 9B. In these examples, only the
propulsive force of the electric outboard motor EM is
utilized for the fixed-point bow turning behavior.

[0080] Whenthejoystick 8isinclined and pivotedinthe
first joystick mode, the hull 2 is in a hull behavior such that
the bow is turned in a direction corresponding to the
pivoting direction of the joystick 8 while the hull 2 is moved
in a direction corresponding to the inclination direction of
the joystick 8. In general, however, the watercraft man-
euvering operation is more easily performed by inclining
the joystick 8 for the hull translation (see FIG. 9A) for the
adjustment of the position of the hull 2 and by pivoting the
joystick 8 for the fixed-point bow turning (see FIG. 9B) for
the adjustment of the azimuth of the hull 2.

[0081] In the second joystick mode shown in FIG. 10,
the propulsive force generated by only one of the two
propulsion devices is utilized and, therefore, the hull
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translation (see FIG. 9A) which utilizes the resultant force
of the propulsive forces of the two propulsion devices is
impossible. That is, the second joystick mode is a control
mode that disables a certain hull behavior (specifically,
the translation movement) available in the first joystick
mode. In the examples shown in FIG. 9B, only the pro-
pulsive force of the electric outboard motor EM is utilized,
so that the fixed-point bow turning behavior is available
notonly in the dual mode but also in the electric mode and
the extender mode.

[0082] Inthe second joystick mode, the main controller
101 defines the anteroposterior inclination of the joystick
8 as the propulsive force command (the shift command
and the output command), and ignores the lateral incli-
nation of the joystick 8. That is, when the joystick 8 is
inclined, only the anteroposterior directional component
of the inclination direction of the joystick 8 serves as an
effective input, and is defined as the propulsive force
command. More specifically, if the anteroposterior direc-
tional component has a value indicating the forward
inclination, the anteroposterior directional component
is defined as a forward shift command. If the anteropos-
terior directional component has a value indicating the
rearward inclination, the anteroposterior directional com-
ponent is defined as a reverse shift command. Further,
the magnitude of the anteroposterior directional compo-
nentis defined as a command (output command) indicat-
ing the magnitude of the propulsive force. The propulsive
force command (the shift command and the output com-
mand) thus defined is inputted from the main controller
101 to the remote control ECU 90 (in the engine mode) or
to the motor controller 80 (in the electric mode or the
extender mode). On the other hand, the main controller
101 defines the axial pivoting of the joystick 8 as the
steering angle command in the second joystick mode.
That is, the main controller 101 generates the steering
angle command according to the axial pivoting direction
and the pivoting amount of the joystick 8, and inputs the
steering angle command to the remote control ECU 90 (in
the engine mode) or to the steering controller 81 (in the
electric mode or the extender mode).

[0083] Inthe engine mode, the remote control ECU 90
transmits the steering angle command and the propul-
sive force command to the steering ECU 41 and the
engine ECU 40, respectively. Thus, the engine outboard
motor OM is steered to a steering angle according to the
steering angle command, and the shift position and the
engine rotation speed of the engine outboard motor OM
are controlled so as to generate a propulsive force ac-
cording to the propulsive force command. In the electric
mode or the extender mode, the motor controller 80
drives the electric motor 61 according to the propulsive
force command, and the steering controller 81 drives the
steering motor 74 according to the steering angle com-
mand.

[0084] The fixed point holding mode (Stay PointTM),
the position holding mode (Fish PointTM), and the azi-
muth holding mode (Drift PointTM) to be selected by
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operating the holding mode setting buttons 182, 183 and
184, respectively, are examples of the holding mode. In
these holding modes, the outputs and the steering angles
of the engine outboard motor OM and/or the electric
outboard motor EM are controlled without any manual
operation by the operator.

[0085] In the fixed point holding mode (Stay PointTM),
for example, the main controller 101 controls the outputs
and the steering angles of the engine outboard motor OM
and the electric outboard motor EM based on the position
data and the speed data generated by the GPS receiver
110 and the azimuth data outputted from the azimuth
sensor 111. Thus, the positional change and the azi-
muthal change of the hull 2 are reduced. The fixed point
holding mode is available in the dual mode.

[0086] Inthe position holding mode (Fish PointTM), the
main controller 101 controls the output and the steering
angle of at least one of the engine outboard motor OM
and the electric outboard motor EM based on the position
data and the speed data generated by the GPS receiver
110. Thus, the positional change of the hull 2 is reduced.
[0087] Inthe azimuth holding mode (Drift PointTM), the
main controller 101 controls the output and the steering
angle of at least one of the engine outboard motor OM
and the electric outboard motor EM based on the azimuth
data generated by the azimuth sensor 111. Thus, the
azimuthal change of the hull 2 is reduced.

[0088] The position holding mode and the azimuth
holding mode are available in any of the electric mode,
the engine mode, the dual mode, and the extender mode.
[0089] FIGS. 11A and 11B are vector diagrams show-
ing lateral translation movement, i.e., showing a relation-
ship between the propulsive forces for the lateral move-
ment.

[0090] The lateral movement includes a rightward
translation movement and a leftward translation move-
mentin the firstjoystick mode. When the operatorinclines
the joystick 8 rightward, the joystick unit 18 generates a
rightward lateral movement command (an example of the
first lateral movement command) for the rightward lateral
movement. When the operator inclines the joystick 8
leftward, the joystick unit 18 generates a leftward lateral
movement command (an example of the second lateral
movement command) for the leftward lateral movement.
Therefore, the joystick unit 18 is an example of the lateral
movement command generator to generate the lateral
movement commands. When the rightward lateral move-
ment command is inputted, the main controller 101 per-
forms a rightward lateral movement control (an example
of the first lateral movement control) to control the engine
outboard motor OM and the electric outboard motor EM
for the rightward lateral movement. When the leftward
lateral movement command is inputted, the main con-
troller 101 performs a leftward lateral movement control
(an example of the second lateral movement control) to
control the engine outboard motor OM and the electric
outboard motor EM for the leftward lateral movement.
[0091] FIG. 11A shows the rightward lateral movement
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control by way of example. The engine outboard motor
OM, which is a right one of the two propulsion devices, is
controlled to generate a reverse propulsive force with its
shift position set at the reverse shift position. The electric
outboard motor EM, which is a left one of the two propul-
sion devices, is controlled to be driven forward to gen-
erate a forward propulsive force. On the other hand, the
engine outboard motor OM and the electric outboard
motor EM are steered to move their rear ends away from
each other. Thus, the steering angles of the engine out-
board motor OM and the electric outboard motor EM are
controlled so that propulsive force action lines 201, 202
respectively defined by lines extending along the vectors
QV, EV of the propulsive forces generated by the engine
outboard motor OM and the electric outboard motor EM
cross each other in the hull 2 as seen in plan. At this time,
the resultant force of the propulsive forces generated by
the two propulsion devices may be considered to act on
the hull 2 at the intersection of the two propulsive force
action lines 201, 202. Where a resultant force action line
203 defined by a line extending along the vector RV of the
resultant force passes through the turning center G of the
hull 2, the resultant force applies no moment to the hull 2,
so that the hull 2 can translate. Where the resultant force
action line 203 passing through the turning center G is
parallel to the transverse direction of the hull 2, the hull 2
can be moved laterally rightward. The steering angles,
the forward/reverse drive directions and the outputs of
the engine outboard motor OM and the electric outboard
motor EM are thus controlled in the rightward lateral
movement control. In FIGS. 11A and 11B, the turning
center G is located on the anteroposterior center line 2a
of the hull 2 by way of example, but the position of the
turning center G is generally unknown.

[0092] Similarly, FIG. 11B shows the leftward lateral
movement control by way of example. The engine out-
board motor OM, whichis arightone of the two propulsion
devices, is controlled to generate a forward propulsive
force with its shift position set at the forward shift position.
The electric outboard motor EM, which is a left one of the
two propulsion devices, is controlled to be driven in
reverse to generate a reverse propulsive force. On the
other hand, the engine outboard motor OM and the
electric outboard motor EM are steered to move their
rear ends away from each other. Thus, the steering
angles of the engine outboard motor OM and the electric
outboard motor EM are controlled so that the propulsive
force action lines 201, 202 defined by the lines extending
along the vectors OV, EV of the propulsive forces gen-
erated by the engine outboard motor OM and the electric
outboard motor EM cross each otherin the hull 2 as seen
in plan. As in the case of FIG. 11A, the resultant force of
the propulsive forces generated by the two propulsion
devices may be considered to act on the hull 2 at the
intersection of the two propulsive force action lines 201,
202. Where the resultant force action line 203 defined by
the line extending along the vector RV of the resultant
force passes through the turning center G of the hull 2, the
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resultant force applies no momentto the hull 2, so thatthe
hull 2 can translate. Where the resultant force action line
203 passing through the turning center G is parallel to the
transverse direction of the hull 2, the hull 2 can be moved
laterally leftward. The steering angles, the forward/re-
verse drive directions, and the outputs of the engine
outboard motor OM and the electric outboard motor
EM are thus controlled in the leftward lateral movement
control.

[0093] As described above, the position of the turning
center G varies depending on the construction of the
watercraft. Therefore, calibration should be preliminarily
performed for the rightward lateral movement control and
for the leftward lateral movement control. This makes it
possible to achieve the lateral movement as intended by
the operator according to the operation of the joystick 8.
[0094] Specific examples of a calibration procedure
and a process to be performed by the main controller
101 will be described below. Either of the rightward lateral
movement calibration and the leftward lateral movement
calibration may be performed first. A procedure and a
process in which the rightward lateral movement calibra-
tion is first performed and then the leftward lateral move-
ment calibration is performed will hereinafter be de-
scribed. A procedure and a process in which the leftward
lateral movement calibration is first performed and then
the rightward lateral movement calibration is performed
can be provided by exchanging between "the rightward
lateral movement" and "the leftward lateral movement" in
the following description.

[0095] FIG. 12isaflowchart showing the processtobe
performed by the main controller 101 for the lateral move-
ment calibration.

[0096] The operator can start the rightward lateral
movement calibration by performing a predetermined
calibration start operation to apply a calibration mode
command to the main controller 101. The calibration start
operation may be, for example, long-pressing of the
joystick button 181. If the calibration start operation is
performed (YES in Step S1), the control mode of the main
controller 101 is switched to the calibration mode (Step
S2). The operator may be notified of the calibration mode
by an indicator such as an LED lamp (not shown) pro-
vided in the joystick unit 18.

[0097] Upon the switching to the calibration mode, the
main controller 101 reads out a calibration value from a
memory 101M and, when the operator operates the joy-
stick 8, the main controller 101 generates a propulsive
force command and a steering angle command by using
the calibration value (Step S3). If the calibration value is
used for the first time for the calibration, the calibration
value is a default value preliminarily written in the memory
101M. Where the calibration has been previously per-
formed, the calibration value is a value set for the pre-
vious calibration. However, the calibration value set for
the previous calibration can be reset to the default value
by a reset operation to be described below.

[0098] Inthe calibration mode, the operator performs a
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rightward lateral movement operation, i.e., inclines the
joystick 8 rightward, for the rightward lateral movement
calibration. The operator observes the behavior of the
hull 2. If the hull 2 is moved right-forward, the operator
changes the inclination direction of the joystick 8 to a right
rearward direction in order to correct the hull movement.
If the hull 2 is moved right-rearward, the operator
changes the inclination direction of the joystick 8 to a
right forward direction in order to correct the hull move-
ment. If the bow of the hull 2 is turned clockwise, the
operator twists the joystick 8 counterclockwise in order to
correct the bow turning. If the bow of the hull 2 is turned
counterclockwise, the operator twists the joystick 8 clock-
wise in order to correct the bow turning.

[0099] According to the operation of the joystick 8, the
operation signal of the joystick 8 is inputted from the
joystick unit 18 to the main controller 101. According to
the operation signal, the main controller 101 changes the
propulsive force command and the steering angle com-
mand to be applied to the engine outboard motor OM and
the electric outboard motor EM (Step S4). If the operation
states of the engine outboard motor OM and the electric
outboard motor EM are such that the hull 2 can thus
achieve the rightward lateral movement behavior, the
operator performs a decision operation (YES in Step
S5). Forexample, the joystick button 181 may be pressed
for the decision operation.

[0100] Inresponse to the decision operation, the main
controller 101 determines whether or not the joystick 8 is
in the neutral position (Step S6). If the joystick 8 is notin
the neutral position, a rightward lateral movement cali-
bration value is written and setin the memory 101M (Step
S7). The calibration value written in the memory 101M is
used when the main controller 101 thereafter computes
the propulsive force command and the steering angle
command according to the operation of the joystick 8 for
the watercraft maneuvering with the use of the joystick 8.
Therefore, the rightward lateral movement calibration
value is used for the computation of the propulsive force
command and the steering angle command when the
rightward lateral movement operation is performed on
the joystick 8 in the joystick mode.

[0101] The calibration value includes the steering an-
gle of the engine outboard motor OM, the steering angle
of the electric outboard motor EM, and a thrust ratio
(hereinafter referred to as "rightward lateral movement
thrust ratio") each observed when the decision operation
(Step S5)is performed. The thrust ratio is a ratio between
the magnitude of a forward propulsive force generated by
one of the two propulsion devices (forward thrust) and the
magnitude of areverse propulsive force generated by the
other propulsion device (reverse thrust). That is, (Thrust
ratio) = (Forward thrust)/(Reverse thrust). The rightward
lateral movement thrust ratio is a thrust ratio observed
when the rightward lateral movement is achieved (when
the decision operation is performed) in the calibration
mode.

[0102] The main controller 101 computes the rightward
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lateral movement thrust ratio based on the forward thrust
(output command value) and the reverse thrust (output
command value) observed when the decision operation
(Step S5) is performed, and writes the rightward lateral
movement thrust ratio in the memory 101M (Step S7).
[0103] Further, the main controller 101 determines
whether or not a calibration state value is a value indicat-
ing "incompletion" (Step S8). If the calibration is com-
pleted, the main controller 101 sets the calibration state
value to a value indicating "completion." If the calibration
is not completed, the main controller 101 sets the cali-
bration state value to the value indicating "incompletion."
[0104] If the calibration state value is "incompletion"
(YES in Step S8), the main controller 101 computes the
leftward lateral movement thrust ratio based on the right-
ward lateral movement thrust ratio, and overwrites the
default value with the computed value in the memory
101M (Step S9). Specifically, the main controller 101
computes the inverse of the rightward lateral movement
thrust ratio as the leftward lateral movement thrust ratio,
and sets the computed leftward lateral movement thrust
ratio in the memory 101M. When the leftward lateral
movement calibration is thereafter performed, the left-
ward lateral movement thrust ratio thus set is used as an
initial value. The leftward lateral movement thrust ratio is
aratio between a forward thrust and a reverse thrustto be
used for the leftward lateral movement in the joystick
mode.

[0105] Then, the main controller 101 changes the cali-
bration state value to "completion" (Step S10), and
switches its control mode to the joystick mode (Step
S11). If the calibration state value is not "incompletion”
in Step S8, i.e., if the calibration state value is "comple-
tion" (NO in Step S8), Steps S9 and S10 are skipped, and
the control mode is switched to the joystick mode (Step
S11).

[0106] If the joystick 8 is in the neutral position (YES in
Step S6) when the decision operation (Step S5) is per-
formed, the main controller 101 determines that the reset
operation is performed to reset the calibration value to the
default value. In this case, the main controller 101 resets
the calibration value to the default value (Step S12), and
sets the calibration state value to "incompletion" (Step
S13). Thereafter, the control mode is switched to the
joystick mode (Step S11).

[0107] Theoperatorcan startthe leftward lateral move-
ment calibration by performing the predetermined cali-
bration start operation. If the calibration start operation is
performed (YES in Step S1), the control mode of the main
controller 101 is switched to the calibration mode (Step
S2).

[0108] Upon the switching to the calibration mode, the
main controller 101 reads out a calibration value from the
memory 101M and, when the operator operates the joy-
stick 8, the main controller 101 generates a propulsive
force command and a steering angle command by using
the calibration value (Step S3). If the leftward lateral
movement calibration is performed after the rightward
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lateral movement calibration, the leftward lateral move-
ment thrust ratio as the calibration value has been set to
the inverse of the rightward lateral movement thrust ratio
(see Step S9). This value is used as the initial value of the
leftward lateral movement thrust ratio for the leftward
lateral movement calibration.

[0109] The operator performs a leftward lateral move-
ment operation, i.e., inclines the joystick 8 leftward, for
the leftward lateral movement calibration. The operator
observes the behavior of the hull 2. If the hull 2 is moved
left-forward, the operator changes the inclination direc-
tion of the joystick 8 to a left rearward direction in order to
correct the hull movement. If the hull 2 is moved left-
rearward, the operator changes the inclination direction
of the joystick 8 to a left forward direction in order to
correctthe hullmovement. If the bow of the hull 2 is turned
clockwise, the operator twists the joystick 8 counterclock-
wise in order to correct the bow turning. If the bow of the
hull 2 is turned counterclockwise, the operator twists the
joystick 8 clockwise in order to correct the bow turning.
[0110] According to the operation of the joystick 8, the
operation signal of the joystick 8 is inputted from the
joystick unit 18 to the main controller 101. According to
the operation signal, the main controller 101 changes the
propulsive force command and the steering angle com-
mand to be applied to the engine outboard motor OM and
the electric outboard motor EM (Step S4). If the operation
states of the engine outboard motor OM and the electric
outboard motor EM are such that the hull 2 can thus
achieve the leftward lateral movement behavior, the op-
erator performs the decision operation (YES in Step S5).
[0111] Inresponse to the decision operation, the main
controller 101 determines whether or not the joystick 8 is
in the neutral position (Step S6). If the joystick 8 is notin
the neutral position, a leftward lateral movement calibra-
tion value is written and set in the memory 101M (Step
S7). The leftward lateral movement calibration value is
used for the computation of the propulsive force com-
mand and the steering angle command when the leftward
lateral movement operation is thereafter performed on
the joystick 8 in the joystick mode.

[0112] The leftward lateral movement calibration value
includes the steering angle of the engine outboard motor
OM, the steering angle of the electric outboard motor EM,
and a thrust ratio (leftward lateral movement thrust ratio)
each observed when the decision operation is per-
formed. At this time, the leftward lateral movement thrust
ratio is written in the memory 101M.

[0113] If the initial value of the leftward lateral move-
ment thrust ratio is close to a true value (a true value
observed when the hull 2 is laterally moved leftward), the
leftward lateral movement calibration is quickly com-
pleted because the operator does not need to perform
various operations for the correction of the hull behavior.
[0114] Where the leftward lateral movement calibra-
tion is performed after the rightward lateral movement
calibration, the calibration state value is "completion"
(YES in Step S8), so that the main controller 101 skips
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Steps S9 and S10 and switches its control mode to the
joystick mode (Step S11).

[0115] The calibration can be performed again by per-
forming the reset operation to reset the calibration value
(YES in Step S6).

[0116] FIG. 13 is a diagram for describing an exemp-
lary operation (example of the present teaching) in which,
after calibration for lateral movement in one of opposite
lateral directions, a lateral movement thrust ratio (the
leftward lateral movement thrust ratio in the aforemen-
tioned example) is set in calibration for lateral movement
in the other lateral direction.

[0117] During the rightward lateral movement, the
electric outboard motor EM generates a forward thrust,
and the engine outboard motor OM generates a reverse
thrust. In this example, the forward thrust is 3 kN, and the
reverse thrust is 1 kN. Therefore, the rightward lateral
movement thrust ratio is 3 (= 3 kN/1 kN). If the rightward
lateral movement calibration value is determined in this
state, the initial value of the leftward lateral movement
thrustratiois setto 0.33 (= 1/3), which is the inverse of the
rightward lateral movement thrust ratio. During the left-
ward lateral movement, the electric outboard motor EM
generates a reverse thrust, and the engine outboard
motor OM generates a forward thrust. Therefore, when
the leftward lateral movement calibration is started, for
example, the electric outboard motor EM generates a
reverse thrust of 3 kN and the engine outboard motor OM
generates a forward thrust of 1 kN based on the initial
value of the leftward lateral movement thrust ratio.
[0118] FIG. 14 is a diagram for describing another
exemplary operation (comparative example) in which,
after the calibration for the lateral movement in the one
lateral direction, a lateral movement thrust ratio (the
leftward lateral movement thrust ratio in the aforemen-
tioned example) is set in the calibration for the lateral
movement in the other lateral direction.

[0119] Asinthe example of FIG. 13, itis assumed that
the calibration value for the rightward lateral movement
thrustratio is setto 3 (= 3kN/1 kN) in the rightward lateral
movement calibration. In the example of FIG. 14, the
initial value of the leftward lateral movement thrustratio is
set to the same value as the calibration value for the
rightward lateral movement thrustratio, i.e., 3. During the
leftward lateral movement, the electric outboard motor
EM generates a reverse thrust, and the engine outboard
motor OM generates a forward thrust. Therefore, when
the leftward lateral movement calibration is started, for
example, the electric outboard motor EM generates a
reverse thrust of 1 kN, and the engine outboard motor OM
generates a forward thrust of 3 kN. That is, the result of
the rightward lateral movement calibration is mirrored to
be set as the initial value for the leftward lateral move-
ment calibration in the initial value setting operation of
FIG. 14.

[0120] A comparison is made between the exemplary
initial value setting operation shown in FIG. 13 and the
exemplary initial value setting operation shown in FIG.
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14. In the example of FIG. 13, the reverse thrust gener-
ated by the electric outboard motor EM is greater than the
forward thrust generated by the engine outboard motor
OM at the start of the leftward lateral movement calibra-
tion. In the example of FIG. 14, the reverse thrust gen-
erated by the electric outboard motor EM is smaller than
the forward thrust generated by the engine outboard
motor OM at the start of the leftward lateral movement
calibration.

[0121] Asdescribed above, the engine outboard motor
OM and the electric outboard motor EM are disposed
asymmetrically with respect to the center line 2a of the
hull 2. Therefore, even if the engine outboard motor OM
and the electric outboard motor EM generate thrusts of
the same magnitude, propulsive forces effectively ap-
plied to the hull 2 by the engine outboard motor OM and
the electric outboard motor EM are different in magni-
tude. During the leftward lateral movement, particularly,
the electric outboard motor EM is driven in reverse to
discharge water jet forward from the rear side, so that the
water jetinterferes with the hull 2 to reduce the propulsive
force. In addition, the engine outboard motor OM dis-
charges engine exhaust gas into water rearward from the
propeller shaft 29 (see FIG. 3), so that the exhaust gas is
trapped by the propeller 60 of the electric outboard motor
EM to further reduce the propulsive force.

[0122] Thus, the initial value for the leftward lateral
movement calibration is closer to the true value in the
exemplary initial value setting operation of FIG. 13 (ex-
ample of the present teaching) than in the exemplary
initial value setting operation of FIG. 14 (comparative
example). This facilitates the joystick operation (correc-
tion operation) to be performed by the operator in the
leftward lateral movement calibration.

[0123] A relationship between the propulsive force of
the engine outboard motor OM and the propulsive force
of the electric outboard motor EM observed when the
watercraft 1 is laterally moved in a properly calibrated
state is closer to thatin the example of FIG. 13 than thatin
the example of FIG. 14. That is, the magnitude relation-
ship between the forward propulsive force and the re-
verse propulsive force respectively generated by the
electric outboard motor EM and the engine outboard
motor OM in the rightward lateral movement and the
magnitude relationship between the forward propulsive
force and the reverse propulsive force respectively gen-
erated by the engine outboard motor OM and the electric
outboard motor EM in the leftward lateral movement are
reversed from each other. This makes it possible to
achieve a proper hull behavior for the lateral movement
in either direction.

[0124] FIG. 15 shows exemplary increasing character-
istics of the propulsive forces of the electric outboard
motor EM and the engine outboard motor OM, particu-
larly showing changes in propulsive force with time when
the propulsive force generation command is applied. The
propulsive force of the electric outboard motor EM spee-
dily increases upon the application of the command as
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shown by a line L1. In contrast, the propulsive force of the
engine outboard motor OM increases relatively slowly as
shown by a line L2. In the control mode utilizing both the
engine outboard motor OM and the electric outboard
motor EM, a stable hull behavior is provided in a time
range 200 in which the propulsive forces of the engine
outboard motor OM and the electric outboard motor EM
are both plateaued. This is also true for the lateral move-
ment.

[0125] However, the operator may perform the water-
craft maneuvering operation for the lateral movement or
the like in a time range in which the propulsive forces of
the engine outboard motor OM and/or the electric out-
board motor EM are onincreasing edges. In this case, the
operator can perform the calibration in such an increas-
ing time range. That is, a lateral movement thrust ratio
observed when a lateral movement behavior intended by
the operator is achieved in the increasing time range is
written as the calibration value in the memory 101M.
[0126] In this manner, the calibration is performed
according to an operation method used by the operator.
[0127] With regard to the preferred embodiment, the
main propulsion device is not necessarily required to be
the engine propulsion device adapted to be driven by the
engine, but an electric propulsion device having a rela-
tively high output may be used as the main propulsion
device. Similarly, the auxiliary propulsion device is not
necessarily required to be the electric propulsion device,
but an engine propulsion device having a relatively low
output may be used as the auxiliary propulsion device.
[0128] Further, the watercraft propulsion system may
include two or more main propulsion devices. Similarly,
the watercraft propulsion system may include two or
more auxiliary propulsion devices.

[0129] The propulsion devices are not necessarily re-
quired to be attached to the stern 3, but an auxiliary
propulsion device such as a trolling motor may be at-
tached to the bow or other portion of the hull.

[0130] In a preferred embodiment described above,
the outboard motors are used as the propulsion devices
by way of example, butinboard motors, inboard/outboard
motors (stern drives), waterjet propulsion devices and
other types of propulsion devices may be employed.

Claims
1. A watercraft propulsion system (100) comprising:

a first propulsion device (OM) configured to be
attachable to a hull (2) of a watercraft (1);

a second propulsion device (EM) configured to
be attachable to the hull (2) asymmetrically to
the first propulsion device (OM) with respect to
an anteroposterior center line (2a) of the hull (2);
a lateral movement command generator (18)
configured to generate a first lateral movement
command to control and laterally move the hull

10

15

20

25

30

35

40

45

50

55

16

30

(2) in one of a rightward direction and a leftward
direction with regard to the hull (2) of the water-
craft (1), and configured to generate a second
lateral movement command to control and lat-
erally move the hull (2) in the other of the right-
ward direction and the leftward direction with
regard to the hull (2) of the watercraft (1); and
characterized by

a controller (101) configured or programmed to
perform a first lateral movement control in re-
sponse to the first lateral movement command
received from lateral movement command gen-
erator (18) to control one of the first propulsion
device (OM) and the second propulsion device
(EM) to generate a reverse propulsive force with
regard to the hull (2) of the watercraft (1) and to
control the other of the first propulsion device
(OM) and the second propulsion device (EM) to
generate a forward propulsive force with regard
to the hull (2) of the watercraft (1), and to perform
a second lateral movement control in response
to the second lateral movement command re-
ceived from the lateral movement command
generator (18) to control one of the first propul-
sion device (OM) and the second propulsion
device (EM) to generate a forward propulsive
force with regard to the hull (2) of the watercraft
(1) and to control the other of the first propulsion
device (OM) and the second propulsion device
(EM) to generate areverse propulsive force with
regard to the hull (2) of the watercraft (1); where-
in

the controller (101) includes a memory (101M)
configured to store a first lateral movement
thrust ratio indicating a ratio between the for-
ward propulsive force and the reverse propul-
sive force in the first lateral movement control
and a second lateral movement thrust ratio in-
dicating a ratio between the forward propulsive
force and the reverse propulsive force in the
second lateral movement control, and the con-
troller (101) is configured or programmed to set
the forward propulsive force and the reverse
propulsive force to be generated in the first
lateral movement control according to the first
lateral movement thrust ratio stored in the mem-
ory (101M), and to set the forward propulsive
force and the reverse propulsive force to be
generated in the second lateral movement con-
trol according to the second lateral movement
thrust ratio stored in the memory (101M);

the controller (101)is configured or programmed
to set the first lateral movement thrust ratio and
the second lateral movement thrust ratio in a
calibration mode and, when one of the first lat-
eral movement thrust ratio and the second lat-
eral movement thrust ratio is set in the calibra-
tion mode, to setan initial value of the other of the
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first lateral movement thrust ratio and the sec-
ond lateral movement thrust ratio to an inverse
of the one lateral movement thrust ratio.

The watercraft propulsion system (100) according to
claim 1, wherein the first propulsion device is an
engine propulsion device (OM) including an engine
as its power source, and the second propulsion
deviceis an electric propulsion device (EM)including
an electric motor as its power source.

The watercraft propulsion system (100) according to
claim 1 or 2, wherein the first propulsion device (OM)
is configured to be located on the center line (2a),
and the second propulsion device (EM)is configured
to be located offset from the center line (2a).

The watercraft propulsion system (100) according to
any one of claims 1 to 3, wherein the first propulsion
device (OM) and the second propulsion device (EM)
are configured to be attachable to a stern (3) of the
hull (2).

The watercraft propulsion system (100) according to
any one of claims 1 to 4, wherein the first propulsion
device (OM) includes a propeller rotation axis (32a),
and is configured to locate the propeller rotation axis
(32a) of the first propulsion device (OM) lower than a
keel (2b) of the hull (2) when the first propulsion
device (OM) is attached to the hull (2); and

the second propulsion device (EM) includes a pro-
peller rotation axis (60a), and is configured to locate
the propeller rotation axis (60a) of the second pro-
pulsion device (EM) higher than the keel (2b) of the
hull (2) when the second propulsion device (EM) is
attached to the hull (2).

The watercraft propulsion system (100) according to
any one of claims 1 to 5, wherein a magnitude
relationship between the forward propulsive force
and the reverse propulsive force in the first lateral
movement control and a magnitude relationship be-
tween the forward propulsive force and the reverse
propulsive force in the second lateral movement
control are reversed from each other.

A watercraft (1) comprising:

a hull (2); and

the watercraft propulsion system (100) accord-
ing to any one of claims 1 to 6, with the first
propulsion device (OM) attached to a hull (2) and
the second propulsion device (EM) attached
asymmetrically to the first propulsion device
(OM) with respect to an anteroposterior center
line (2a) of the hull (2) of the watercraft (1).

8. The watercraft (1) according to claim 7, wherein the
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first propulsion device (OM) is located on the center
line (2a), and the second propulsion device (EM) is
offset from the center line (2a).

The watercraft (1) according to claim 7 or 8, wherein
the first propulsion device (OM) and the second
propulsion device (EM) are attached to a stern (3)
of the hull (2).

The watercraft (1) according to any one of claims 7 to
9, wherein thefirst propulsion device (OM)includes a
propeller rotation axis (32a) lower than a keel (2b) of
the hull (2); and

the second propulsion device (EM) includes a pro-
peller rotation axis (60a) higher than the keel (2b) of
the hull (2).

A watercraft propulsion control method for control-
ling a watercraft (1) having a hull (2) and a first
propulsion device (OM) attached to the hull (2)
and a second propulsion device (EM) attached to
the hull (2) asymmetrically to the first propulsion
device (OM) with respect to an anteroposterior cen-
ter line (2a) of the hull (2), the method comprises:

generating a first lateral movement command to
laterally move the hull (2) in one of a rightward
direction and a leftward direction,

generating a second lateral movement com-
mand to laterally move the hull (2) in the other
of the rightward direction and the leftward direc-
tion,

performing a first lateral movement control in
response to thefirstlateral movementcommand
to cause one of the first propulsion device (OM)
and the second propulsion device (EM) to gen-
erate a reverse propulsive force and to cause
the other of the first propulsion device (OM) and
the second propulsion device (EM)togenerate a
forward propulsive force,

performing a second lateral movement controlin
response to the second lateral movement com-
mand to cause one of the first propulsion device
(OM) and the second propulsion device (EM) to
generate a forward propulsive force and cause
the other of the first propulsion device (OM) and
the second propulsion device (EM)togenerate a
reverse propulsive force,

providing a first lateral movement thrust ratio
indicating a ratio between the forward propul-
sive force and the reverse propulsive force in the
first lateral movement control and a second
lateral movement thrust ratio indicating a ratio
between the forward propulsive force and the
reverse propulsive force in the second lateral
movement control,

setting the forward propulsive force and the
reverse propulsive force to be generated in
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the first lateral movement control according to
the first lateral movement thrust ratio,

setting the forward propulsive force and the
reverse propulsive force to be generated in
the second lateral movement control according
to the second lateral movement thrust ratio,
setting the first lateral movement thrust ratio and
the second lateral movement thrust ratio in a
calibration mode, and, when one of the first
lateral movement thrust ratio and the second
lateral movement thrust ratio is set in the cali-
bration mode, setting an initial value of the other
of the first lateral movement thrust ratio and the
second lateral movement thrust ratio to an in-
verse of the one lateral movement thrust ratio.

12. The watercraft propulsion control method according
to claim 11, wherein a magnitude relationship be-
tween the forward propulsive force and the reverse
propulsive force in the first lateral movement control
and a magnitude relationship between the forward
propulsive force and the reverse propulsive force in
the second lateral movement control are reversed
from each other.

Patentanspriiche

1. Ein Wasserfahrzeug-Antriebssystem (100), das um-
fasst:

eine erste Antriebsvorrichtung (OM), die konfi-
guriert ist, um an einem Rumpf (2) eines Was-
serfahrzeugs (1) anbringbar ist;

eine zweite Antriebsvorrichtung (EM), die konfi-
guriert ist, um an dem Rumpf (2) anbringbar zu
sein, asymmetrisch zu der ersten Antriebsvor-
richtung (OM) in Bezug auf eine anteroposte-
riore Mittellinie (2a) des Rumpfes (2);

einen Querbewegungsbefehlsgenerator (18),
der konfiguriert ist, um einen ersten Querbewe-
gungsbefehl zu erzeugen und den Rumpf (2) in
einer von einer rechten Richtung und einer lin-
ken Richtung in Bezug auf den Rumpf (2) des
Wasserfahrzeugs (1) zu bewegen, und konfigu-
riert ist, um einen zweiten Querbewegungsbe-
fehl zu erzeugen und den Rumpf (2) in die
andere von der rechten Richtung und der linken
Richtung in Bezug auf den Rumpf (2) des Was-
serfahrzeugs (1) zu bewegen, und gekenn-
zeichnet durch

eine Steuerung (101), die konfiguriert oder pro-
grammiert ist, um eine erste Querbewegungs-
steuerung durchzufihren, in Erwiderung auf
den ersten Querbewegungsbefehl, der von
dem Querbewegungsbefehlsgenerator (18)
empfangen ist, um eine von der ersten Antriebs-
vorrichtung (OM) und der zweiten Antriebsvor-
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richtung (EM) zu steuern, um eine Ruckwart-
santriebskraft in Bezug auf den Rumpf (2) des
Wasserfahrzeugs (1) zu erzeugen, und um die
andere der ersten Antriebsvorrichtung (OM) und
der zweiten Antriebsvorrichtung (EM) zu
steuern, um eine Vorwartsantriebskraftin Bezug
auf den Rumpf (2) des Wasserfahrzeugs (1) zu
erzeugen, und um eine zweite Querbewegungs-
steuerung durchzufiihren, in Erwiderung auf
den zweiten Querbewegungsbefehl, der von
dem Querbewegungsbefehlsgenerator (18)
empfangen ist, um eine von der ersten Antriebs-
vorrichtung (OM) und der zweiten Antriebsvor-
richtung (EM) zu steuern, um eine Vorwartsant-
riebskraft in Bezug auf den Rumpf (2) des Was-
serfahrzeugs (1) zu erzeugen, und um die an-
dere der ersten Antriebsvorrichtung (OM) und
der zweiten Antriebsvorrichtung (EM) zu
steuern, um eine Ruckwartsantriebskraft in Be-
zug auf den Rumpf (2) des Wasserfahrzeugs (1)
Zu erzeugen; wobei

die Steuerung (101) einen Speicher (101M) ent-
halt, der konfiguriert ist, um ein erstes Quer-
bewegungs-Schubverhaltnis, das ein Verhaltnis
zwischen der Vorwartsantriebskraft und der
Rickwartsantriebskraft in der ersten Querbe-
wegungssteuerung angibt, und ein zweites
Querbewegungs-Schubverhéltnis, das ein Ver-
haltnis zwischen der Vorwartsantriebskraft und
der Rickwartsantriebskraftin der zweiten Quer-
bewegungssteuerung angibt, zu speichern, und
die Steuerung (101) konfiguriert oder program-
miert ist, um die Vorwartsantriebskraft und die
Ruckwartsantriebskraft, die in der ersten Quer-
bewegungssteuerung zu erzeugen sind, geman
dem ersten Querbewegungs-Schubverhaltnis,
das in dem Speicher (101M) gespeichert ist,
einzustellen und die Vorwartsantriebskraft und
die Riuckwartsantriebskraft, die in der zweiten
Querbewegungssteuerung zu erzeugen sind,
gemal dem zweiten Querbewegungs-Schub-
verhaltnis, das in dem Speicher (101M) gespei-
chert ist, einzustellen;

die Steuerung (101) konfiguriert oder program-
miert ist, um das erste Querbewegungs-Schub-
verhaltnis und das zweite Querbewegungs-
Schubverhéltnis in einem Kalibrierungsmodus
einzustellen und, wenn eines des ersten Quer-
bewegungs-Schubverhaltnisses und des zwei-
ten Querbewegungs-Schubverhaltnisses in
dem Kalibrierungsmodus eingestellt ist, einen
Anfangswert des anderen des ersten Querbe-
wegungs-Schubverhaltnisses und des zweiten
Querbewegungs-Schubverhaltnisses auf einen
Kehrwert des einen Querbewegungs-Schub-
verhaltnisses einzustellen.

2. Das Wasserfahrzeug-Antriebssystem (100) gemaf
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Anspruch 1, wobei die erste Antriebsvorrichtung
eine Motor-Antriebsvorrichtung (OM) ist, die einen
Motor als ihre Energiequelle enthalt, und die zweite
Antriebsvorrichtung eine elektrische Antriebsvor-
richtung (EM) ist, die einen Elektromotor als ihre
Energiequelle enthalt.

Das Wasserfahrzeug-Antriebssystem (100) geman
Anspruch 1 oder 2, wobei die erste Antriebsvorrich-
tung (OM) konfiguriert ist, um auf der Mittellinie (2a)
angeordnet zu werden, und die zweite Antriebsvor-
richtung (EM) konfiguriert ist, um versetzt von der
Mittellinie (2a) angeordnet zu werden.

Das Wasserfahrzeug-Antriebssystem (100) gemaf
irgendeinem der Anspriche 1 bis 3, wobei die erste
Antriebsvorrichtung (OM) und die zweite Antriebs-
vorrichtung (EM) konfiguriert sind, um an einem
Heck (3) des Rumpfes (2) angebracht zu werden.

Das Wasserfahrzeug-Antriebssystem (100) gemaf
irgendeinem der Anspriiche 1 bis 4, wobei die erste
Antriebsvorrichtung (OM) eine Propellerdrehachse
(32a) enthalt, und konfiguriert ist, um die Propellerd-
rehachse (32a) der ersten Antriebsvorrichtung (OM)
tiefer als ein Kiel (2b) des Rumpfes (2) anzuordnen,
wenn die erste Antriebsvorrichtung (OM) an dem
Rumpf (2) angebracht ist; und

die zweite Antriebsvorrichtung (EM) eine Propellerd-
rehachse (60a) enthalt, und konfiguriert ist, um die
Propellerdrehachse (60a) der zweiten Antriebsvor-
richtung (EM) hoher als den Kiel (2b) des Rumpfes
(2) anzuordnen, wenn die zweite Antriebsvorrich-
tung (EM) an dem Rumpf (2) angebracht ist.

Das Wasserfahrzeug-Antriebssystem (100) geman
irgendeinem der Anspriiche 1 bis 5, wobei ein Gro-
Renverhaltnis zwischen der Vorwartsantriebskraft
und der Rickwartsantriebskraft bei der ersten Quer-
bewegungssteuerung und ein GréRenverhaltnis
zwischen der Vorwartsantriebskraft und der Riick-
wartsantriebskraft bei der zweiten Querbewegungs-
steuerung zueinander umgekehrt sind.

Ein Wasserfahrzeug (1), das umfasst:

einen Rumpf (2); und

das Wasserfahrzeug-Antriebssystem (100) ge-
mal irgendeinem der Anspruche 1 bis 6, wobei
die erste Antriebsvorrichtung (OM) an einem
Rumpf (2) angebracht ist und die zweite An-
triebsvorrichtung (EM) asymmetrisch zu der
ersten Antriebsvorrichtung (OM) in Bezug auf
eine anteroposteriore Mittellinie (2a) des Rump-
fes (2) des Wasserfahrzeugs (1) angebracht ist.

Das Wasserfahrzeug (1) gemaf Anspruch 7, wobei
die erste Antriebsvorrichtung (OM) auf der Mittellinie
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(2a) angeordnet ist und die zweite Antriebsvorrich-
tung (EM) von der Mittellinie (2a) versetzt ist.

Das Wasserfahrzeug (1) gemaR Anspruch 7 oder 8,
wobei die erste Antriebsvorrichtung (OM) und die
zweite Antriebsvorrichtung (EM) an einem Heck (3)
des Rumpfes (2) angebracht sind.

Das Wasserfahrzeug (1) gemaf irgendeinem der
Anspriiche 7 bis 9, wobei die erste Antriebsvorrich-
tung (OM) eine Propellerdrehachse (32a) enthalt,
die tiefer als ein Kiel (2b) des Rumpfes (2) liegt; und
die zweite Antriebsvorrichtung (EM) eine Propellerd-
rehachse (60a) enthalt, die hoher als der Kiel (2b)
des Rumpfes (2) liegt.

Ein Wasserfahrzeug-Antriebsverfahren zur Steue-
rung eines Wasserfahrzeugs (1), das einen Rumpf
(2) und eine erste Antriebsvorrichtung (OM), die an
dem Rumpf (2) angebracht ist, und einer zweiten
Antriebsvorrichtung (EM), die an dem Rumpf (2)
asymmetrisch zu der ersten Antriebsvorrichtung
(OM) in Bezug auf eine anteroposteriore Mittellinie
(2a) des Rumpfs (2) angebracht ist, hat, das Ver-
fahren umfasst:

Erzeugen eines ersten Querbewegungsbe-
fehls, um den Rumpf (2) in eine einer rechten
Richtung und einer linken Richtung quer zu be-
wegen,

Erzeugen eines zweiten Querbewegungsbe-
fehls, um den Rumpf (2) in die andere der rech-
ten Richtung und der linken Richtung quer zu
bewegen,

Durchfiihren einer ersten Querbewegungs-
steuerung in Erwiderung auf den ersten Quer-
bewegungsbefehl, um zu bewirken, dass eine
der ersten Antriebsvorrichtung (OM) und der
zweiten Antriebsvorrichtung (EM) eine Rick-
wartsantriebskraft erzeugt und die andere der
ersten Antriebsvorrichtung (OM) und der zwei-
ten Antriebsvorrichtung (EM) eine Vorwartsant-
riebskraft erzeugt,

Durchfiihren einer zweiten Querbewegungs-
steuerung in Erwiderung auf den zweiten Quer-
bewegungsbefehl, um zu bewirken, dass eine
der ersten Antriebsvorrichtung (OM) und der
zweiten Antriebsvorrichtung (EM) eine Vorwart-
santriebskraft erzeugt und die andere der ersten
Antriebsvorrichtung (OM) und der zweiten An-
triebsvorrichtung (EM) eine Riickwartsantriebs-
kraft erzeugt,

Bereitstellen eines ersten Querbewegungs-
Schubverhéltnisses, das ein Verhaltnis zwi-
schen der Vorwartsantriebskraft und der Rick-
wartsantriebskraft bei der ersten Querbewe-
gungssteuerung angibt, und eines zweiten
Querbewegungs-Schubverhdltnisses, das ein
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Verhaltnis zwischen der Vorwartsantriebskraft
und der Riickwartsantriebskraft bei der zweiten
Querbewegungssteuerung angibt,

Einstellen der Vorwartsantriebskraft und der
Ruckwartsantriebskraft, die in der ersten Quer-
bewegungssteuerung entsprechend dem ers-
ten Querbewegungs-Schubverhaltnis erzeugt
werden sollen,

Einstellen der Vorwartsantriebskraft und der
Ruckwartsantriebskraft, die in der zweiten
Querbewegungssteuerung entsprechend dem
zweiten Querbewegungs-Schubverhaltnis er-
zeugt werden sollen,

Einstellen des ersten Querbewegungs-Schub-
verhaltnisses und des zweiten Querbewe-
gungs-Schubverhaltnisses in einem Kalibrie-
rungsmodus, und, wenn eines des ersten Quer-
bewegungs-Schubverhaltnisses und des zwei-
ten Querbewegungs-Schubverhaltnisses in
dem Kalibrierungsmodus eingestellt ist, Einstel-
len eines Anfangswertes des anderen des ers-
ten Querbewegungs-Schubverhéltnisses und
des zweiten Querbewegungs-Schubverhaltnis-
ses auf einen Kehrwert des einen Querbewe-
gungs-Schubverhaltnisses.

12. Das Wasserfahrzeug-Antriebsverfahren gemag An-
spruch 11, wobei ein GroRenverhaltnis zwischen der
Vorwartsantriebskraft und der Rlckwartsantriebs-
kraft bei der ersten Querbewegungssteuerung und
ein GroRenverhaltnis zwischen der Vorwartsant-
riebskraft und der Rickwartsantriebskraft bei der
zweiten Querbewegungssteuerung zueinander um-
gekehrt sind.

Revendications

1. Systéme de propulsion d’embarcation (100)
comprenant :

un premier dispositif de propulsion (OM) confi-
guré pour étre attachable a une coque (2) d’'une
embarcation (1) ;

un deuxiéme dispositif de propulsion (EM) confi-
guré pour étre attachable a la coque (2) de
maniére asymeétrique par rapport au premier
dispositif de propulsion (OM) par rapport a
une ligne centrale antéro-postérieure (2a) de
la coque (2) ;

un générateur de commandes de déplacement
latéral (18) configuré pour générer une premiere
commande de déplacement latéral afin de
contréler et de déplacer latéralement la coque
(2) dans unedirection parmiune direction vers la
droite et une direction vers la gauche parrapport
ala coque (2) de 'embarcation (1), et configuré
pour générer une deuxieme commande de dé-
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placement latéral afin de controler et de dépla-
cer latéralement la coque (2) dans l'autre direc-
tion parmiladirection vers la droite et ladirection
vers la gauche par rapport a la coque (2) de
I'embarcation (1) ; et

caractérisé par

un contréleur (101) configuré ou programmé
pour mettre en ceuvre un premier contrble de
déplacement latéral en réponse a la premiére
commande de déplacement latéral recue du
générateur de commandes de déplacement la-
téral (18) pour controler un dispositif parmi le
premier dispositif de propulsion (OM) et le deu-
xieme dispositif de propulsion (EM) afin de gé-
nérer une force de propulsion vers l'arriére par
rapport a la coque (2) de I'embarcation (1) et
pour contréler I'autre dispositif parmi le premier
dispositif de propulsion (OM) et le deuxiéme
dispositif de propulsion (EM) afin de générer
une force de propulsion vers I'avant par rapport
a la coque (2) de 'embarcation (1), et pour
mettre en ceuvre un deuxiéme contrble de dé-
placement latéral en réponse a la deuxieéme
commande de déplacement latéral recue du
générateur de commandes de déplacement la-
téral (18) pour contrdler un dispositif parmi le
premier dispositif de propulsion (OM) et le deu-
xiéme dispositif de propulsion (EM) afin de gé-
nérer une force de propulsion vers I'avant par
rapport a la coque (2) de 'embarcation (1) et
pour contréler I'autre dispositif parmi le premier
dispositif de propulsion (OM) et le deuxieme
dispositif de propulsion (EM) afin de générer
une force de propulsion vers I'arriére par rapport
ala coque (2) de 'embarcation (1) ; dans lequel
le contréleur (101) comprend une mémoire
(101M) configurée pour stocker un premier ratio
de poussée de déplacement latéral indiquant un
ratio entre la force de propulsion vers 'avantetla
force de propulsion vers I'arriere dans le premier
contréle de déplacement latéral et un deuxieme
ratio de poussée de déplacement latéral indi-
quant un ratio entre la force de propulsion vers
'avant et la force de propulsion vers l'arriere
dans le deuxieme contrdle de déplacement la-
téral, et le contréleur (101) est configuré ou
programmeé pour régler la force de propulsion
vers l'avant et la force de propulsion vers I'ar-
riere a générer dans le premier contréle de dé-
placementlatéral en fonction du premier ratio de
poussée de déplacement latéral stocké dans la
mémoire (101M), et pour régler la force de pro-
pulsion vers I'avant et la force de propulsion vers
I'arriere a générer dans le deuxieme controle de
déplacement latéral en fonction du deuxiéme
ratio de poussée de déplacement latéral stocké
dans la mémoire (101M) ;

le contréleur (101) est configuré ou programmé
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pour régler le premier ratio de poussée de dé-
placement latéral et le deuxiéme ratio de pous-
sée de déplacement latéral dans un mode d’é-
talonnage et, quand un ratio parmi le premier
ratio de poussée de déplacement latéral et le
deuxieme ratio de poussée de déplacement
latéral est réglé dans le mode d’étalonnage,
pour régler une valeur initiale de I'autre ratio
parmi le premier ratio de poussée de déplace-
ment latéral et le deuxiéme ratio de poussée de
déplacement latéral a l'inverse dudit premier
ratio de poussée de déplacement latéral.

Systéme de propulsion d’embarcation (100) selon la
revendication 1, dans lequel le premier dispositif de
propulsion est un dispositif de propulsion a moteur
thermique (OM) comprenant un moteur thermique
comme source d’énergie, et le deuxieme dispositif
de propulsion est un dispositif de propulsion élec-
trique (EM) comprenant un moteur électrique
comme source d’énergie.

Systéme de propulsion d’embarcation (100) selon la
revendication 1 ou 2, dans lequel le premier dispositif
de propulsion (OM) est configuré pour étre situé sur
la ligne centrale (2a), et le deuxieme dispositif de
propulsion (EM) est configuré pour étre décalé par
rapport a la ligne centrale (2a).

Systéme de propulsion d’embarcation (100) selon
'une quelconque des revendications 1 a 3, dans
lequel le premier dispositif de propulsion (OM) et
le deuxieme dispositif de propulsion (EM) sont confi-
gurés pour étre attachables a la poupe (3) de la
coque (2).

Systéme de propulsion d’embarcation (100) selon
'une quelconque des revendications 1 a 4, dans
lequel

le premier dispositif de propulsion (OM)
comprend un axe de rotation d’hélice (32a), et
est configuré pour positionner I'axe de rotation
d’hélice (32a) du premier dispositif de propul-
sion (OM) plus bas qu’une quille (2b) de la coque
(2) quand le premier dispositif de propulsion
(OM) est attaché a la coque (2) ; et

le deuxiéme dispositif de propulsion (EM)
comprend un axe de rotation d’hélice (60a), et
est configuré pour positionner I'axe de rotation
d’hélice (60a) du deuxiéme dispositif de propul-
sion (EM) plus haut que la quille (2b) de la coque
(2) quand le deuxiéme dispositif de propulsion
(EM) est attaché a la coque (2).

6. Systeme de propulsion d’embarcation (100) selon

'une quelconque des revendications 1 a 5, dans
lequel une relation d’amplitude entre la force de
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propulsion vers I'avant et la force de propulsion vers
I'arriere dans le premier controle de déplacement
latéral et une relation d’amplitude entre la force de
propulsion vers I'avant et |la force de propulsion vers
I'arriere dans le deuxiéme contrble de déplacement
latéral sont inversées I'une par rapport a l'autre.

Embarcation (1) comprenant :

une coque (2) ; et

le systeme de propulsion d’embarcation (100)
selon 'une quelconque des revendications 1 a
6, avec le premier dispositif de propulsion (OM)
attaché a une coque (2) et le deuxieme dispositif
de propulsion (EM) attaché de maniere asymé-
triqgue par rapport au premier dispositif de pro-
pulsion (OM) par rapport a une ligne centrale
antéro-postérieure (2a) de la coque (2) de I'em-
barcation (1).

Embarcation (1) selon la revendication 7, dans la-
quelle le premier dispositif de propulsion (OM) est
situé sur la ligne centrale (2a) et le deuxiéme dis-
positif de propulsion (EM) est décalé par rapportala
ligne centrale (2a) .

Embarcation (1) selon la revendication 7 ou 8, dans
laquelle le premier dispositif de propulsion (OM) etle
deuxieme dispositif de propulsion (EM) sont atta-
chés a une poupe (3) de la coque (2).

Embarcation (1) selon I'une quelconque des reven-
dications 7 a 9, dans laquelle

le premier dispositif de propulsion (OM)
comprend un axe de rotation d’hélice (32a) plus
bas a une quille (2b) de la coque (2) ; et

le deuxiéme dispositif de propulsion (EM)
comprend un axe de rotation d’hélice (60a) plus
haut que la quille (2b) de la coque (2).

Procédé de contréle de propulsion d’embarcation
pour contréler une embarcation (1) comportant
une coque (2) et un premier dispositif de propulsion
(OM) attaché ala coque (2) et un deuxiéme dispositif
de propulsion (EM) attaché ala coque (2) de maniére
asymétrique par rapport au premier dispositif de
propulsion (OM) par rapport a une ligne centrale
antéro-postérieure (2a) de la coque (2), le procédé
comprenant :

la génération d’'une premiére commande de
déplacement latéral pour déplacer latéralement
la coque (2) dans une direction parmi une direc-
tion vers ladroite et une direction vers la gauche,
la génération d’'une deuxiéme commande de
déplacement latéral pour déplacer latéralement
la coque (2) dans I'autre direction parmi la direc-
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tion vers la droite et la direction vers la gauche, etlaforce de propulsion vers I'arriére dans le premier
la mise en ceuvre d’un premier contrble de dé- contrdle de déplacementlatéral et une relation d’am-
placement latéral en réponse a la premiére plitude entre la force de propulsion vers I'avant et la
commande de déplacement latéral pour force de propulsion vers l'arriére dans le deuxiéme
commander a un dispositif parmi le premier 5 contrdle de déplacement latéral sont inversées 'une
dispositif de propulsion (OM) et le deuxieme par rapport a l'autre.

dispositif de propulsion (EM) de générer une
force de propulsion vers larriere et pour
commander a I'autre dispositif parmi le premier
dispositif de propulsion (OM) et le deuxieme 170
dispositif de propulsion (EM) de générer une
force de propulsion vers 'avant,
la mise en ceuvre d'un deuxiéme controle de
déplacement latéral en réponse a la deuxiéme
commande de déplacement latéral pour 15
commander a un dispositif parmi le premier
dispositif de propulsion (OM) et le deuxiéme
dispositif de propulsion (EM) de générer une
force de propulsion vers lavant et pour
commander a I'autre dispositif parmi le premier 20
dispositif de propulsion (OM) et le deuxieme
dispositif de propulsion (EM) de générer une
force de propulsion vers l'arriere,
la fourniture d’un premier ratio de poussée de
déplacement latéral indiquant un ratio entre la 25
force de propulsion vers I'avant et la force de
propulsion vers I'arriere dans le premier controle
de déplacement latéral et d’'un deuxiéme ratio
de poussée de déplacement latéral indiquantun
ratio entre laforce de propulsionvers 'avantetla 30
force de propulsion vers I'arriere dans le deu-
xiéme contrble de déplacement latéral,
le réglage de la force de propulsion vers I'avant
et de la force de propulsion vers l'arriére a
générer dans le premier controle de déplace- 35
ment latéral en fonction du premier ratio de
poussée de déplacement latéral,
le réglage de la force de propulsion vers I'avant
et de la force de propulsion vers l'arriere a
générer dans le deuxiéme controle de déplace- 40
ment latéral en fonction du deuxiéme ratio de
poussée de déplacement latéral,
le réglage du premier ratio de poussée de dé-
placement latéral et du deuxiéme ratio de pous-
sée de déplacement latéral dans un mode d’é- 45
talonnage et, quand un ratio parmi le premier
ratio de poussée de déplacement latéral et le
deuxieme ratio de poussée de déplacement
latéral est réglé dans le mode d’étalonnage, le
réglage d’une valeurinitiale de 'autre ratioparmi 50
le premier ratio de poussée de déplacement
latéral et le deuxiéme ratio de poussée de dé-
placement latéral a I'inverse dudit ratio de pous-
sée de déplacement latéral.
55
12. Procédé de contrble de propulsion d’embarcation
selon la revendication 11, dans lequel une relation
d’amplitude entre la force de propulsion vers 'avant
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