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(54) MARINE PROPULSION SYSTEM ENABLING MOVEMENT OF MARINE VESSEL IN LATERAL
DIRECTION, AND CONTROL METHOD THEREOF

(57) A marine propulsion system which prevents ro-
tation of a hull during lateral movement and maintains
navigation performance. The system comprises a con-
troller, first propulsion devices disposed at a stern of the
hull, and a second propulsion device disposed on a bow
side of the hull. To move the hull laterally, the controller
steers the first propulsion device on a port side in a
leftward turning direction, and fully steers the first propul-
sion device on a starboard side in a rightward turning
direction; causes one first propulsion device to generate
forward/rearward thrust and causes the other one to
generate rearward/forward thrust, to position a point of
action of a resultant force of the generated thrusts in front
of a turning center of the hull; and generates, by the
second propulsion device, a counter moment cancelling
a yawmoment about the turning center generated by the
resultant force.
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Description

[0001] The present invention relates to a marine propulsion system for a marine vessel enabling movement of the
marine vessel in a lateral direction and a control method thereof.
[0002] In a marine vessel including a plurality of, for example, two outboardmotors at a stern, when a hull is moved in a
lateral direction, the outboard motor on a port side is steered in a leftward turning direction and the outboard motor on a
starboard side is steered in a rightward turning direction, thereby causing the outboardmotor on the port side to generate
forward or rearward thrust and causing the outboardmotor on the starboard side to generate thrust in a direction opposite
to the thrust generated by the outboardmotor on the port side. At this time, a resultant force of the thrust generated by the
outboardmotor on the starboard side and the thrust generated by the outboardmotor on the port side acts on the hull as a
lateral movement force.
[0003] Meanwhile, in a marine vessel having a wide width such as a twin boat, a plurality of outboard motors may be
providedat the sternwhile being spacedapart fromeachother. In this case, evenwhen theoutboardmotor on theport side
and the outboard motor on the starboard side are fully steered, a point of action of the resultant force may be in front of a
turning center of the hull. As a result, a yaw moment about the turning center is generated by the resultant force, and the
marine vessel rotates on its own axis in a yaw direction during lateral movement of the marine vessel.
[0004] Therefore, a technology in which the point of action of the resultant force of the thrusts generated when one
outboard motor and the other outboard motor are steered is moved by changing an attachment angle of each outboard
motor with respect to the hull, so that the point of action of the resultant force of the thrusts and the turning center of the hull
coincide each other is known (see, for example, U.S. Patent No. 10202179). According to the technology, no yawmoment
about the turning center is generated by the resultant force of the thrusts, which makes it possible to prevent the marine
vessel fromrotatingon itsownaxis in theyawdirectionduring the lateralmovementof themarinevessel. In this technology,
as illustrated in FIG. 12, in order to change an attachment angle of each of outboardmotors 122 and 123with respect to a
hull 120, each of the outboardmotors 122 and 123 is attached to the hull 120 via awedge plate 124 or 125 for adjusting the
attachment angle.
[0005] However, when each of the outboard motors 122 and 123 is attached to the hull 120 via the wedge plate 124 or
125, a steerable angle of the outboardmotor in a direction opposite to a direction inwhich each of the outboardmotors 122
and 123 is inclined by the wedge plate 124 or 125 decreases, which affects turning performance of the marine vessel. In
addition, in a neutral state related to steering of each of the outboard motors 122 and 123, a rear side of each of the
outboardmotors 122 and 123may protrude from an outer side of the hull 120, whichmay lead to an increase in resistance
during navigation. Therefore, there is still room for improvement in achieving both prevention of rotation of the marine
vessel on its own axis during lateral movement of the marine vessel and maintenance of navigation performance of the
marine vessel.
[0006] It is the object of the present invention to provide a marine propulsion system for a marine vessel and a control
method of a marine propulsion system for a marine vessel, which achieve both prevention of rotation of a marine vessel
during lateral movement of the marine vessel and maintenance of navigation performance of the marine vessel.
[0007] According to thepresent invention said object is solvedbyamarinepropulsion system for amarine vessel having
the featuresof independent claim1.Moreover, saidobject isalsosolvedbyacontrolmethodof amarinepropulsionsystem
for a marine vessel having the features of independent claim 15. Preferred embodiments are laid down in the dependent
claims.
[0008] According to a preferred embodiment, a marine propulsion system comprising a plurality of first propulsion
devices disposed at a stern of a hull, and a second propulsion device disposed on a bow side of the hull, wherein when
moving the hull in a lateral direction, a controller of themarine propulsion system fully steers, in a leftward turning direction,
thefirst propulsiondevicepositionedonaport sidewith respect toacenter lineextending in a front-rear directionof thehull,
and fully steers, in a rightward turningdirection, thefirst propulsiondevicepositionedonastarboardsidewith respect to the
center line,whereby the first propulsiondeviceon theport sideand the first propulsiondeviceon thestarboard side forman
inverted V shape in plan view; causes the first propulsion device on the port side to generate forward thrust or rearward
thrust and causes the first propulsion device on the starboard side to generate thrust in a direction opposite to the thrust
generated by the first propulsion device on the port side, whereby a point of action of a lateral movement force that is a
resultant force of the thrust generated by the first propulsion device on the port side and the thrust generated by the first
propulsion device on the starboard side is positioned in front of a turning center of the hull; and controls the second
propulsion device to generate another thrust to generate a counter yaw moment that cancels a yaw moment about the
turning center generated by the lateral movement force.
[0009] With this configuration, when moving the hull in the lateral direction, in a case where the point of action of the
lateral movement force, which is the resultant force of the thrust generated by the first propulsion device on the port side
and the thrust generatedby thefirst propulsiondeviceon thestarboardside, ispositioned in frontof the turningcenterof the
hull, the counter yaw moment that cancels the yaw moment about the turning center generated by the lateral movement
force is generatedbyanother thrust generatedby the secondpropulsiondevice.Asa result, even in a casewhere thepoint
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of action of the lateral movement force is positioned in front of the turning center of the hull, it is not necessary to change
attachment angles of the first propulsion devices on both sides with respect to the hull to make the point of action of the
resultant force coincidewith the turning center of the hull. That is, it is possible to eliminate theneed tousewedgeplates for
attachment of the first propulsiondevicesonboth sides to thehull. Asa result, it is possible to prevent rotationof themarine
vessel during lateral movement of the marine vessel without deteriorating navigation performance of the marine vessel.
That is, it is possible to achieve both prevention of rotation of the marine vessel during lateral movement of the marine
vessel and maintenance of navigation performance of the marine vessel.
[0010] 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

[0011]

FIG. 1 is a plan viewof amarine vessel towhich amarine propulsion systemaccording to a first preferred embodiment
is applied.
FIG. 2 is a side view of the marine vessel to which the marine propulsion system according to the present preferred
embodiment is applied.
FIG. 3 is a block diagram schematically illustrating a configuration of the marine propulsion system according to the
present preferred embodiment.
FIG. 4 is a view for describing a problem during movement of the marine vessel in a lateral direction.
FIG. 5 is a view for describing a form during movement of the marine vessel in a rightward lateral direction, in the
present preferred embodiment.
FIG. 6 is a view for describinga formduringmovement of themarine vessel in a leftward lateral direction, in thepresent
preferred embodiment.
FIG. 7 is a plan view of the marine vessel in which a distance from a turning center to a propeller is increased, in the
present preferred embodiment.
FIGS. 8A to 8D are views for describing a configuration for increasing the distance from the turning center to the
propeller, in the present preferred embodiment.
FIG. 9 is a view for describing a form during movement of a marine vessel in a rightward lateral direction, in a second
preferred embodiment.
FIG. 10 is a view for describing a form during movement of the marine vessel in a leftward lateral direction, in the
present preferred embodiment.
FIG. 11 is a plan view of the marine vessel in which a distance from a turning center to a propeller is increased, in the
present preferred embodiment.
FIG. 12 is a view for describing movement of a marine vessel in a lateral direction using a conventional marine
propulsion system.

DESCRIPTION OF THE EMBODIMENTS

[0012] Hereinafter, preferred embodiments will be described with reference to the drawings.
[0013] FIG. 1 is a plan view of a marine vessel 10 to which a marine propulsion system according to a first preferred
embodiment is applied.FIG.2 isa sideviewof themarinevessel 10 towhich themarinepropulsionsystemaccording to the
present preferred embodiment is applied.
[0014] In FIGS. 1 and 2, the marine vessel 10 is a twin-hulled pontoon boat, and includes a long and narrow hull 11
positioned on a port side (port side hull) with respect to a center line CL, which is pass through the center of the marine
vessel 10 in a left-right direction and extending in a front-rear direction, and a long and narrow hull 12 positioned on a
starboard side (starboard side hull) with respect to the center lineCL. In addition, in themarine vessel 10, outboardmotors
14 and 15 (first propulsion devices) are attached to sterns of the left hull 11 and the right hull 12, respectively. The outboard
motors 14 and 15 can be steered in a rightward turning direction and a leftward turning direction with respect to the
corresponding hulls 11 and 12, respectively.
[0015] In the present preferred embodiment, the steering in the rightward turning direction refers to a state in which the
outboard motor 14, 15 rotates counterclockwise around the stern of the hull 11, 12 as fulcrum in plan view of the marine
vessel 10. The steering in the leftward turning direction refers to a state in which the outboard motor 14, 15 rotates
clockwisearound thesternof thehull 11, 12as fulcrum inplanviewof themarinevessel 10. Inaddition, in themarinevessel
10, each of the outboardmotors 14 and 15 is configured to be steered by, for example, 30° in each of the rightward turning
direction and the leftward turning direction.
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[0016] Apontoon boat, for example, has a configuration in which a deck 13 spans between the left and right hulls 11 and
12, and thus, the pontoon boat is wider than a normal monohull boat. Therefore, an arrangement interval (pitch) between
theoutboardmotors14and15attached to thepontoonboat is also larger than that of outboardmotorsattached toanormal
monohull boat. In addition, the pontoon boat is focusedon stability rather than speed performance, and is suitably used for
relatively low-speed cruising, fishingwhile staying onwater, and the like. Therefore, themarine vessel 10 includes a small
outboardmotor for low-speed navigation or position adjustment duringmooring, in addition to the outboardmotors 14 and
15. For example, the marine vessel 10 includes a trolling motor 16 (second propulsion device) disposed on a bow side.
[0017] The trolling motor 16 includes a spindle-shaped submerged body 17 that houses an electric motor for driving a
propeller 17a, and the submerged body 17 is attached to a distal end of a rod 18. In the trollingmotor 16, a vessel operator
or a rotary unit (not illustrated) axially rotates the rod 18 towhich the submerged body 17 is attached, so that an orientation
of the submerged body 17 can be freely changed. As a result, the trolling motor 16 can change a direction of thrust
generated by thepropeller 17a to a desired direction, and the trollingmotor 16 canbe used for course changeat the timeof
low-speed navigation or position adjustment during mooring of the marine vessel 10. Normally, the trolling motor 16 is
repositionable and can be arranged on the center line of the bowof one hull. As illustrated in the drawing, the trollingmotor
16 can also be arranged on the center line CL of the bows of the hulls 11 and 12 (on the center line CL of the bow of the
pontoon boat). In a case where themarine vessel 10 is navigating at a relatively high speed, the trolling motor 16 is pulled
up to the deck 13 or the hulls 11 and 12 so as not to become a resistor.
[0018] FIG. 3 is a block diagramschematically illustrating a configuration of amarine propulsion system19 according to
the present preferred embodiment mounted on themarine vessel 10 in FIG. 1. In FIG. 3, themarine propulsion system 19
includes a boat control unit (BCU) 20, amulti function display (MFD) 21, a global navigation satellite system (GNSS)which
is, for example, a global positioning system (GPS) 22, an inertial measurement unit (IMU) 23, a compass 24, a remote
control unit 25, a joystick 26, a steering mechanism 27, a vessel operation panel 28, a remote control ECU 29, a main
operation unit 30, and a steering control unit (SCU) 31. The constituent elements of the marine propulsion system 19 are
communicatively connected to one another.
[0019] The GPS 22 grasps the current position of the marine vessel 10 and transmits the current position of the marine
vessel 10 to theBCU20. The IMU23measures behaviors of the hulls 11 and12and transmits ameasurement result to the
BCU20. Thecompass24graspsabearing of themarine vessel 10and transmits thebearing of themarine vessel 10 to the
BCU 20.
[0020] The remote control unit 25 includes levers25acorresponding to theoutboardmotors14and15, respectively. The
vessel operator operates levers 25a to switch thedirectionsof the thrusts generatedby the respectiveoutboardmotors14,
15 back and forth, and adjusts outputs of the respective outboard motors 14, 15 to adjust a vessel speed. At this time, the
remote control unit 25 transmits a signal(s) for controlling the outboard motors 14, 15 in response to the operation of the
levers 25a to the BCU 20 and the remote control ECU 29. The joystick 26 is a control stick for operating themarine vessel
10, and transmits a signal for moving the marine vessel 10 in a tilting direction to the BCU 20 and the remote control ECU
29. The steering mechanism 27 is a device for the vessel operator to determine a course of the marine vessel 10. The
vessel operator can turn the marine vessel 10 rightward and leftward by rotating a steering wheel 27a of the steering
mechanism27 leftwardand rightward.At this time, thesteeringmechanism27 transmits a steeringangle corresponding to
a rotation operation on the steering wheel 27a to the remote control ECU 29 and the SCU 31.
[0021] Themain operation unit 30 includes amain switch 30a and an engine shut-off switch 30b. Themain switch 30a is
an operator for collectively starting and collectively stopping engines (not illustrated) which are power sources of the
outboardmotors 14 and15. Theengine shut-off switch 30b is a switch for emergently stopping the engines of the outboard
motors14and15.TheMFD21 is, for example, acolor LCDdisplay, and functionsasadisplay that displaysvarious typesof
informationandalso functions asa touchpanel that receivesan input from the vessel operator. The vessel operation panel
28 includesswitches (not illustrated) corresponding to variousvessel operationmodes, and thevessel operator switchesa
modeof themarinevessel 10 toadesired vessel operationmode, for example, a fixedpoint holdingmode, byoperating the
corresponding switch.
[0022] TheSCU31 is provided corresponding to eachof the outboardmotors 14 and15. Eachof theSCUs31 controls a
steering unit (not illustrated), which turns the corresponding outboard motor 14 or 15 with respect to the hull 11 or 12, to
change the direction of the thrust of each of the outboard motors 14 and 15.
[0023] The BCU 20 grasps a situation of the marine vessel 10 based on signals transmitted from the constituent
elements of the marine propulsion system 19, determines the magnitude of the thrust to be generated by each of the
outboard motors 14 and 15 and the direction of the thrust to be taken, and transmits the determined magnitude and the
determined direction to each remote control ECU29. In addition, theBCU20 controls a rotation unit of the trollingmotor 16
to change the magnitude and direction of the thrust of the trolling motor 16.
[0024] One remote control ECU 29 is provided correspondingly to each of the outboard motors 14 and 15, and the
remote control ECU 29 transmits signals for controlling the engine and steering unit of the outboard motor 14, 15 to an
engine ECU (not illustrated) and the SCU 31 of the outboard motor 14, 15 according to signals transmitted from the BCU
20, the steering mechanism 27, the remote control unit 25, the joystick 26, and the like, thereby adjusting the magnitude
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and direction of the thrust of each of the outboard motors 14 and 15.
[0025] FIG. 4 is a view for describing a problem during movement of the marine vessel 10 in a lateral direction. For
example, tomove themarinevessel 10 ina rightward lateral direction (adirectionofawhite rightwardarrow in thedrawing),
the vessel operator operates the joystick 26 and/or the steeringmechanism 27 to input an instruction for movement in the
rightward lateral direction. At this time, the oneSCU31 steers the outboardmotor 14on the port side in the leftward turning
directionand theotherSCU31steers theoutboardmotor 15on the starboard side in the rightward turningdirection, so that
the outboard motor 14 on the port side and the outboard motor 15 on the starboard side form an inverted V shape in plan
view. In particular, a line of thrust generated by the outboardmotor 14 on the port side and a line of thrust generated by the
outboard motor 15 on the starboard side form an inverted V shape in plan view and with respect to a front direction of the
hull. Then, the one remote control ECU 29 causes the outboardmotor 14 on the port side to generate forward thrust fl and
the other remote control ECU 29 causes the outboard motor 15 on the starboard side to generate rearward thrust fr. A
magnitudeof the forward thrust fl andamagnitudeof the rearward thrust fr are the same.Asa result, a resultant forceof the
forward thrust fl and the rearward thrust fr acts on themarine vessel 10 as a lateral movement force F of themarine vessel
10 in the rightward lateral direction. In the present description, "forward" means a direction in which the bow of themarine
vessel 10 faces, and "rearward" means a direction in which the stern of the marine vessel 10 faces.
[0026] Meanwhile, asdescribedabove, themarinevessel 10 isapontoonboat, and thus thepitchof theoutboardmotors
14 and 15 is larger than that of outboard motors attached to a normal monohull boat. Therefore, even when the outboard
motor 14 on the port side is fully steered in the leftward turning direction and the outboardmotor 15 on the starboard side is
fully steered in the rightward turningdirection, apointPofactionof the lateralmovement forceF remains in front of a turning
center G of the hulls. At this time, a clockwise yaw moment M about the turning center G is generated by the lateral
movement forceF,andwhen themarinevessel 10moves in the rightward lateral direction, themarinevessel 10 rotates ina
yaw direction about the turning center G.
[0027] In thepresent preferredembodiment, in order to suppress the rotationof themarinevessel 10 in theyawdirection
about the turningcenterGwhen themarinevessel 10moves in the rightward lateral direction, the thrust of the trollingmotor
16 isused togenerateacounter yawmomentMC that cancels theyawmomentMgeneratedby the lateralmovement force
F.
[0028] FIG. 5 is a view for describing a formduringmovement of themarine vessel 10 in the rightward lateral direction, in
the present preferred embodiment. In the present preferred embodiment, to move the marine vessel 10 in the rightward
lateral direction (a direction of a white rightward arrow in the drawing), the one SCU 31 turns the outboardmotor 14 on the
port side in the rightward turning direction and the other SCU 31 turns the outboard motor 15 on the starboard side in the
leftward turning direction, so that the outboard motor 14 on the port side and the outboard motor 15 on the starboard side
form a V shape in plan view. In particular, a line of thrust generated by the outboard motor 14 on the port side and a line of
thrust generated by the outboard motor 15 on the starboard side form a V shape in plan view and with respect to a front
direction of the hull.
[0029] In the marine vessel 10, when the outboard motor 14 on the port side is fully steered in the rightward turning
direction and the outboard motor 15 on the starboard side is fully steered in the leftward turning direction, the outboard
motor14on theport sideand theoutboardmotor 15on thestarboardsideapproacheachother. In themarinevessel10, the
pitchof theoutboardmotors14and15 is set tobe large to suchanextent that theoutboardmotor 14on theport sideand the
outboard motor 15 on the starboard side do not interfere with each other at this time.
[0030] Then, the one remote control ECU 29 causes the outboardmotor 14 on the port side to generate rearward thrust
fl, and the other remote control ECU29 causes the outboardmotor 15 on the starboard side to generate forward thrust fr. A
magnitudeof the rearward thrust fl andamagnitudeof the forward thrust fr are the same.Asa result, a resultant forceof the
rearward thrust fl and the forward thrust fr acts on themarine vessel 10 as a lateral movement force F of themarine vessel
10 in the rightward lateral direction.
[0031] At this time, as illustrated in the drawing, since a line of action of the rearward thrust fl of the outboardmotor 14 on
the port side and a line of action of the forward thrust fr of the outboardmotor 15 on the starboard side intersect each other
behind the turning center G, a point P of action of the lateral movement force F is also positioned behind the turning center
G. That is, since the point P of action of the lateral movement force F does not coincide with the turning center G, a
counterclockwise yaw moment M about the turning center G is generated by the lateral movement force F.
[0032] Meanwhile, theBCU20axially rotates the rod18of the trollingmotor 16 to cause the trollingmotor 16 to generate
thrust FT (another thrust) in the rightward lateral direction. At this time, the thrust FT generates the counter yaw moment
MC about the turning center G. Since the trolling motor 16 is disposed on the bow side, the counter yaw moment MC is a
clockwise yawmoment. Therefore, the yawmoment M generated by the lateral movement force F in the rightward lateral
direction can be canceled by the counter yaw moment MC.
[0033] A magnitude of the thrust FT to be generated by the trolling motor 16 is determined in consideration of a
magnitude of the yaw moment M and a distance from the turning center G to the trolling motor 16. Specifically, the
magnitude of the thrust FT is determined by the following Formula (1).
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[0034] Although the yawmomentMand the counter yawmomentMCaredrawn to beoffset from the turning centerG for
easy understanding in FIG. 5 and subsequent drawings, both the yaw moment M and the counter yaw moment MC are
moments about the turning center G as described above.
[0035] FIG. 6 is a view for describing a form duringmovement of themarine vessel 10 in the leftward lateral direction, in
the present preferred embodiment. To move the marine vessel 10 in the leftward lateral direction (a direction of a white
leftward arrow in the drawing), the SCUs 31 steer the outboardmotor 14 on the port side and the outboardmotor 15 on the
starboard side such that the outboardmotor 14 on the port side and the outboard motor 15 on the starboard side form a V
shape in plan view, in a similar manner to the case of moving the marine vessel 10 in the rightward lateral direction.
[0036] Then, the one remote control ECU29 causes the outboardmotor 14 on the port side to generate forward thrust fl
and the other remote control ECU29 causes the outboardmotor 15 on the starboard side to generate rearward thrust fr. A
magnitudeof the forward thrust fl andamagnitudeof the rearward thrust fr are the same.Asa result, a resultant forceof the
forward thrust fl and the rearward thrust fr acts on themarine vessel 10 as a lateral movement force F of themarine vessel
10 in the leftward lateral direction.
[0037] Alsoat this time, similar to thecaseofmoving themarinevessel 10 in the rightward lateral direction, a lineofaction
of the forward thrust fl of the outboardmotor 14 on the port side and a line of action of the rearward thrust fr of the outboard
motor 15 on the starboard side intersect each other behind the turning center G, and thus a point P of action of the lateral
movement force F is also positioned behind the turning center G. Then, a clockwise yaw moment M about the turning
center G is generated by the lateral movement force F of which point P of action is positioned behind the turning center G.
[0038] Meanwhile, the BCU 20 causes the trollingmotor 16 to generate thrust FT in the leftward lateral direction. At this
time, the thrust FTgenerates a counterclockwise counter yawmomentMCabout the turning centerG. The yawmomentM
generatedby the lateralmovement forceF in the leftward lateral directioncanbecanceledby thecounter yawmomentMC.
Similarly inacaseofmoving themarinevessel 10 in the leftward lateral direction, amagnitudeof the thrustFTgeneratedby
the trolling motor 16 is determined by Formula (1) above.
[0039] According to the present preferred embodiment, in a case of the marine vessel 10 to be moved in the lateral
direction, the outboardmotor 14 on the port side and the outboardmotor 15 on the starboard side are steered such that the
outboardmotor 14 on the port side and the outboardmotor 15 on the starboard side form aV shape in plan view. Then, the
thrust fl and the thrust fr opposite to each other are generated by the outboard motor 14 on the port side and the outboard
motor 15 on the starboard side, so that the lateral movement force F of which point P of action is positioned behind the
turning center G is generated. Further, the thrust FT in the same direction as the lateral movement force F is generated by
the trollingmotor 16 disposed on the bow side. As a result, the yawmoment M generated by the lateral movement force F
can be canceled by the counter yaw moment MC generated by the thrust FT.
[0040] As a result, it is not necessary to change attachment an angle(s) of the outboardmotor 14 on the port side and/or
theoutboardmotor 15on the starboard sidewith respect to thehull 11or 12 tomake thepoint of actionof the resultant force
of the thrust fl and the thrust fr coincide with the turning center G. That is, it is possible to eliminate the need to use wedge
plates for attaching the outboardmotor 14 on the port side to the hull 11 and the outboardmotor 15 on the starboard side to
thehull 12. As a result, it is possible to prevent rotation of themarine vessel 10 in the yawdirection during lateralmovement
of the marine vessel 10 without deteriorating navigation performance of the marine vessel 10. That is, it is possible to
achieve both prevention of rotation of the marine vessel 10 during lateral movement of the marine vessel 10 and
maintenance of navigation performance of the marine vessel 10.
[0041] In addition, in the present preferred embodiment, an acting direction of the lateral movement force F, which is the
resultant force of the thrust fl of the outboard motor 14 on the port side and the thrust fr of the outboard motor 15 on the
starboard side, is the sameasanactingdirection of the thrust FTgeneratedby the trollingmotor 16. Therefore, not only the
lateral movement force F but also the thrust FTcontributes to the lateral movement of themarine vessel 10, so that lateral
movement efficiency of the marine vessel 10 can be improved.
[0042] In the present preferred embodiment, the trolling motor 16 is used as a generation source of the thrust FT that
generates the counter yawmoment MC. However, in a case where themarine vessel 10 includes a bow thruster or a side
thruster on the bow side, the thrust FT may be generated by the bow thruster or the side thruster.
[0043] By theway, in thepresentpreferredembodiment, since the lineofactionof the thrust flof theoutboardmotor14on
the port side and the line of action of the thrust fr of the outboard motor 15 on the starboard side intersect each other
considerably behind the turning center G, an arm of the yawmomentM is long, and the yawmomentM is large. In order to
cancel the large yawmoment M, it is necessary to increase the thrust FT generated by the trollingmotor 16 to balance the
counter yaw moment MC with the yaw moment M.
[0044] However, the trolling motor 16 is configured to be repositionable, and thus, the trolling motor 16 is a relatively
small propulsion device. Therefore, an electric motor included in the trollingmotor 16 is also relatively small, and thus, the
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magnitude of the thrust FT that can be generated by the trolling motor 16 is limited. In addition, when the thrust FT is
increased, electricity costworsens, and in somecases, a chargeamount of abattery (not illustrated) included in themarine
vessel 10 may become 0 during lateral movement. Therefore, it is preferable that the thrust FT to be generated by the
trolling motor 16 is small.
[0045] Therefore, inorder todecrease the thrustFTwhilemaintaining themagnitudeof thecounter yawmomentMC, it is
preferable to increase a "distance from the turning center G to the propeller 17a that generates the thrust FT", which is an
arm lengthof thecounter yawmomentMC,as illustrated inFIG. 7.Specifically, the thrust FT is generated in front of thebow
of the hull 11 (12).
[0046] FIGS.8A to8Dare views for describingaconfiguration for increasing thedistance from the turning centerG to the
propeller 17a.
[0047] For example, as illustrated in FIG. 8A, the trolling motor 16 may include an arm 32 that can extend forward, and
the rod 18may be attached at vicinity of a front end of the arm 32. In this case, as illustrated in FIG. 8B, the arm 32 extends
by sliding forward with respect to the hull 11 (12), so that the submerged body 17 having the propeller 17a is positioned in
front of the bow. As a result, the distance from the turning center G to the propeller 17a is increased, and therefore the
counter yaw moment MC that cancels the yaw moment M can be generated even with the small thrust FT.
[0048] Further, for example, as illustrated in FIG. 8C, the trolling motor 16 may include a case 33 that can be tilted, and
the rod18maybehoused in the case33 in anextendablemanner. In this case, as illustrated inFIG. 8D, the case33 is tilted
so that a lower side of the case 33moves forward, and further, the rod 18 is extended from the case 33. At this time, the rod
18 is inclined with respect to the water surface. Then, the submerged body 17 attached to the distal end of the rod 18 is
submerged in front of the bow. With such a configuration as well, it is possible to increase the distance from the turning
center G to the propeller 17a of the submerged body 17.
[0049] Although in FIGS. 8A to 8D, the submerged body 17 is directed forward, the submerged body 17 is directed in a
movement direction (lateral direction) when the marine vessel 10 moves in the lateral direction.
[0050] Next, a second preferred embodiment will be described. Configurations and operations in the second preferred
embodimentarebasically thesameas thoseof thefirst preferredembodiment describedabove.Therefore, in the following
description, descriptions of configurations and effects overlapping those of the first preferred embodiment will be omitted,
and configurations and effects different from those of the first preferred embodiment will be described.
[0051] In the first preferred embodiment described above, a method of suppressing rotation in a yaw direction about a
turning center G by using thrust FT of a trolling motor 16 in a case where an outboard motor 14 on a port side and an
outboardmotor 15onastarboard side formaVshapehasbeendescribed. In the secondpreferredembodiment, amethod
of suppressing the rotation in the yawdirection about the turning centerGby using the thrust FTof the trollingmotor 16 in a
case where the outboard motor 14 on the port side and the outboard motor 15 on the starboard side form an inverted V
shape will be described.
[0052] FIG. 9 is a view for describing a formduringmovement of amarine vessel 10 in a rightward lateral direction, in the
secondpreferred embodiment. In the present preferred embodiment, tomove themarine vessel 10 in the rightward lateral
direction (adirectionof awhite rightwardarrow in thedrawing), oneSCU31steers theoutboardmotor 14on theport side in
a leftward turning direction and the other SCU31 steers the outboardmotor 15 on the starboard side in a rightward turning
direction, so that theoutboardmotor 14on theport sideand theoutboardmotor 15on the starboard side forman invertedV
shape in plan view.
[0053] Then, the one remote control ECU29 causes the outboardmotor 14 on the port side to generate forward thrust fl
and the other remote control ECU29 causes the outboardmotor 15 on the starboard side to generate rearward thrust fr. A
magnitudeof the forward thrust fl andamagnitudeof the rearward thrust fr are the same.Asa result, a resultant forceof the
forward thrust fl and the rearward thrust fr acts on themarine vessel 10 as a lateral movement force F of themarine vessel
10 in the rightward lateral direction.
[0054] At this time, as illustrated in the drawing, since a line of action of the forward thrust fl of the outboardmotor 14 on
theport sideanda line of action of the rearward thrust fr of the outboardmotor 15on the starboard side intersect eachother
in front of the turning center G, a point P of action of the lateral movement force F is also positioned in front of the turning
center G. That is, since the point P of action of the lateral movement force F does not coincide with the turning center G, a
clockwise yaw moment M about the turning center G is generated by the lateral movement force F.
[0055] Meanwhile, aBCU20axially rotates a rod 18 of the trollingmotor 16 to cause the trollingmotor 16 to generate the
thrustFTofwhichadirection isopposite to the lateralmovement forceF ("adirectionopposite to the lateralmovement force
F" is a leftward lateral direction). The thrust FT in the leftward lateral direction generates a counter yawmomentMC about
the turning center G. The counter yaw moment MC is a counterclockwise yaw moment. Therefore, the yaw moment M
generated by the lateral movement force F in the rightward lateral direction can be canceled by the counter yaw moment
MC. Also in the present preferred embodiment, a magnitude of the thrust FT generated by the trolling motor 16 is
determined by Formula (1) above.
[0056] FIG. 10 is a view for describing a formduringmovement of themarine vessel 10 in the leftward lateral direction, in
the present preferred embodiment. Similarly, to move the marine vessel 10 in the leftward lateral direction, the SCUs 31
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steer the outboardmotor 14 on the port side and the outboardmotor 15 on the starboard side such that the outboardmotor
14 on the port side and the outboard motor 15 on the starboard side form an inverted V shape in plan view.
[0057] Then, the one remote control ECU 29 causes the outboardmotor 14 on the port side to generate rearward thrust
fl, and the other remote control ECU29 causes the outboardmotor 15 on the starboard side to generate forward thrust fr. A
magnitudeof the rearward thrust fl andamagnitudeof the forward thrust fr are the same.Asa result, a resultant forceof the
rearward thrust fl and the forward thrust fr acts on themarine vessel 10 as a lateral movement force F of themarine vessel
10 in the leftward lateral direction.
[0058] Alsoat this time, similar to thecaseofmoving themarinevessel 10 in the rightward lateral direction, a lineofaction
of the rearward thrust fl of the outboardmotor 14 on the port side and a line of action of the forward thrust fr of the outboard
motor 15 on the starboard side intersect each other in front of the turning centerG, and thus a point P of action of the lateral
movement force F is also positioned in front of the turning center G. That is, since the point P of action of the lateral
movement forceFdoesnot coincidewith the turning centerG, a counterclockwise yawmomentMabout the turning center
G is generated by the lateral movement force F.
[0059] Meanwhile, aBCU20axially rotates a rod 18 of the trollingmotor 16 to cause the trollingmotor 16 to generate the
thrustFTofwhichadirection isopposite to the lateralmovement forceF ("adirectionopposite to the lateralmovement force
F" is the rightward lateral direction). The thrust FT in the rightward lateral direction generates a counter yaw moment MC
about the turning center G. The counter yaw moment MC is a clockwise yaw moment. Therefore, the yaw moment M
generatedby the lateralmovement forceF in the leftward lateral directioncanbecanceledby thecounter yawmomentMC.
Also in thepresent preferredembodiment, amagnitudeof the thrust FTgeneratedby the trollingmotor 16 is determinedby
Formula (1) above.
[0060] According to the present preferred embodiment, in a case of the marine vessel 10 to be moved in the lateral
direction, the outboardmotor 14 on the port side and the outboardmotor 15 on the starboard side are steered such that the
outboardmotor 14 on the port side and the outboardmotor 15 on the starboard side forman inverted V shape in plan view.
Then, the thrust fl of the outboardmotor 14 on the port side and the thrust fr of the outboardmotor 15 on the starboard side
opposite to eachother are generated, so that the lateralmovement forceFofwhich point Pof action is positioned in front of
the turning centerG is generated. Further, the thrust FT in adirection opposite to the lateralmovement forceF is generated
by the trollingmotor 16disposedat thebowside.Asa result, the yawmomentMgeneratedby the lateralmovement forceF
canbecanceledby thecounter yawmomentMCgeneratedby the thrust FT.Asa result, thepresent preferredembodiment
can also achieve effects similar to those of the first preferred embodiment.
[0061] As described above, also in the second preferred embodiment, the magnitude of the thrust FT generated by the
trolling motor 16 is determined by Formula (1) above. In the second preferred embodiment, a distance from the lateral
movement force F to the turning center is very short as compared with that in the first preferred embodiment, whereas a
distance from the turning center G to the trolling motor 16 is similar to that in the first preferred embodiment. Therefore, in
the second preferred embodiment, the thrust FTmay be very small as compared with the first preferred embodiment, and
for example, the thrust FT may be smaller than the lateral movement force F. As a result, it is possible to use the smaller
lower-output trolling motor 16.
[0062] In the present preferred embodiment, since an acting direction of the lateral movement force F is opposite to an
actingdirectionof the thrustFTgeneratedby the trollingmotor 16, the thrustFTinhibits themarinevessel 10 frommoving in
the lateral direction. As described above, since the thrust FT is smaller than the lateralmovement forceF, themovement of
themarinevessel10 in the lateral direction isnot stoppedby the thrustFT.However, from theviewpoint of efficientlymoving
themarine vessel 10 in the lateral direction, it is preferable that the thrust FT generated by the trolling motor 16 is smaller.
[0063] Therefore, in order to decrease the thrust FTwhilemaintaining amagnitude of the counter yawmomentMC, also
in the second preferred embodiment, similarly to the first preferred embodiment, a distance from the turning center G to a
propeller 17a that generates the thrust FTmay be increased (see FIG. 11). Specifically, the thrust FTmay be generated in
front of the bow of the hull 11 (12). Also in the second preferred embodiment, it is preferable to increase the distance from
the turning center G to the propeller 17a by providing the configurations illustrated in FIGS. 8A to 8D.
[0064] Themarine propulsion system according to each of the preferred embodiments is applied to a pontoon boat that
is a twin boat as an example. However, themarine vessel to which themarine propulsion system according to each of the
preferred embodiments is applied may be any marine vessel as long as it includes an outboard motor on each of the port
side and the starboard side. For example, themarine propulsion system according to each of the preferred embodiments
may be applied to a trimaran having a larger width, or may be applied to a monohull boat having a wide hull shape and
having a large pitch between left and right outboardmotors. The outboardmotormay include an electric motor as a power
source instead of the engine.
[0065] In addition, the marine propulsion system according to each of the preferred embodiments may be applied to a
marine vessel including three or more outboard motors. Further, the marine propulsion system according to each of the
preferred embodiments may be applied not only to amarine vessel including outboard motors at the sterns of both sides,
but also to a marine vessel including inboard/outboard motors or jet propulsion devices at the sterns of both sides.
[0066] The present teaching can be applied not only in a casewhere themarine vessel 10moves in the lateral direction
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but also in a case where the marine vessel 10 moves obliquely forward or obliquely rearward, wherein the gist of the
present invention is to suppress rotation in theyawdirectionabout the turningcenterGduringmovementby the thrust FTof
the trolling motor 16.

Claims

1. Amarinepropulsionsystem(19) for amarinevessel (10)havingahull (11, 12,13), thesystemcomprisingfirst port side
propulsion device (14) configured to be positioned on a stern of a port side of the hull (11), and a first starboard side
propulsion device (15) positioned on a stern of starboard side of the hull (12), wherein the first port side propulsion
device (14) and the first starboard side propulsion device (15) are configured to be steered in each of a rightward
turning direction and a leftward turning direction with respect to a center line (CL) extending in a front-rear direction of
the hull (11, 12, 13), respectively, a second propulsion device (16) configured to be disposed on a bow side of the hull
(11, 12, 13), and a controller (31) for controlling the first port side propulsion device (14) and the first starboard side
propulsion device (15), wherein

for moving the hull (11, 12, 13) in a lateral direction with respect to the center line (CL) extending in the front-rear
direction of the hull (11, 12, 13), the controller (31) of the marine propulsion system (19) is configured to
control the first port side propulsion device (14) positioned onaport sidewith respect to the center line (CL) to fully
steer in the leftward turning direction, and
control the first starboard side propulsion device (15) positioned ona starboard sidewith respect to the center line
(CL), to fully steer in the rightward turning direction, whereby a line of thrust generated by the first port side
propulsion device (14) and a line of thrust generated by the first starboard side propulsion device (15) form an
inverted V shape in plan view;
control the first port side propulsion device (14) to generate forward thrust or rearward thrust and control the first
starboard side propulsion device (15) to generate thrust in a direction opposite to the thrust generated by the first
port side propulsion device (14), whereby a point (P) of action of a lateral movement force that is a resultant force
of the thrust generated by the first port side propulsion device (14) and the thrust generated by the first starboard
side propulsion device (15) is positioned in front of a turning center (G) of the hull (11, 12, 13) with respect to the
front-rear direction of the hull (11, 12, 13); and
control the second propulsion device (16) to generate another thrust to generate a counter yaw moment that
cancels a yaw moment about the turning center (G) generated by the lateral movement force.

2. Themarinepropulsionsystem(19)according toclaim1,wherein thecontroller (31) isconfigured tocontrol thefirst port
side propulsion device (14) to be steered in the rightward turning direction and configured to control the first starboard
side propulsion device (15) to be steered in the leftward turning direction, whereby the line of thrust generated by the
first port side propulsion device (14) and the line of thrust generated by the first starboard side propulsion device (15)
form a V shape in plan view;

the controller (31) is configured to control the first port side propulsion device (14) to generate forward thrust or
rearward thrust and configured to control the first starboard side propulsion device (15) to generate thrust in a
directionopposite to the thrust generatedby thefirst port sidepropulsiondevice (14),wherebyapoint (P) of action
of a lateral movement force that is a resultant force of the thrust generated by the first port side propulsion device
(14) and the thrust generated by the first starboard side propulsion device (15) is positioned behind the turning
center (G) with respect to the front-rear direction of the hull (11, 12, 13), and
the controller (31) is configured to control the second propulsion device (16) to generate another thrust in the
same direction as the resultant force.

3. Themarinepropulsionsystem(19)according to claim2,whereinevenwhen thefirst port sidepropulsiondevice (14) is
steered in the rightward turning direction and the first starboard side propulsion device (15) is steered in the leftward
turning direction, the first port side propulsion device (14) and the first starboard side propulsion device (15) are
configured to not interfere with each other.

4. Themarine propulsion system (19) according to claim 2 or 3, wherein the second propulsion device (16) is configured
to generates the another thrust in the same direction as the resultant force in front of a bow of the hull (11, 12, 13) with
respect to the front-rear direction of the hull (11, 12, 13).

5. The marine propulsion system (19) according to claim 4, wherein the second propulsion device (16) includes a
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propeller (17a) configured to generate the another thrust, and an extendable arm (32), and the second propulsion
device (16) is configured to extend the extendable arm (32) to move the propeller (17a) to front of the bow of the hull
(11, 12, 13) with respect to the front-rear direction of the hull (11, 12, 13).

6. The marine propulsion system (19) according to claim 4, wherein the second propulsion device (16) includes a
propeller (17a) configured to generate the another thrust, and an extendable rod (18), wherein the propeller (17a) is
disposed at a distal end of the extendable rod (18), and the second propulsion device (16) is configured to incline the
extendable rod (18) with respect to a water line of the hull (11, 12, 13) in consideration of a water surface to submerge
thepropeller (17a) in front of thebowof thehull (11, 12, 13)with respect to the front-rear directionof thehull (11, 12, 13).

7. The marine propulsion system (19) according to any one of claims 2 to 6, wherein the controller (31) is configured to
control the first port side propulsion device (14) to generate rearward thrust, configured to control the first starboard
side propulsion device (15) to generate forward thrust, and configured to control the second propulsion device (16) to
generate another thrust toward the starboard side, tomove the hull (11, 12, 13) in the lateral direction to the starboard
side, and
the controller (31) is configured to control the first port side propulsion device (14) to generate forward thrust,
configured to control the first starboard side propulsion device (15) to generate rearward thrust, and configured to
control thesecondpropulsiondevice (16) togenerateanother thrust toward theport side tomove thehull (11, 12, 13) in
the lateral direction to the port side.

8. Themarinepropulsion system (19) according to claim1,wherein the controller (31) is configured to control the second
propulsion device (16) to generate another thrust in a direction opposite to the resultant force.

9. The marine propulsion system (19) according to claim 8, wherein a magnitude of the another thrust in the direction
opposite to the resultant force is smaller than a magnitude of the resultant force.

10. Themarine propulsion system (19) according to claim8or 9, wherein the second propulsion device (16) configured to
generate the another thrust in the direction opposite to the resultant force in front of a bow of the hull (11, 12, 13) with
respect to the front-rear direction of the hull (11, 12, 13).

11. The marine propulsion system (19) according to claim 10, wherein the second propulsion device (16) includes a
propeller (17a) configured to generate the another thrust, and an extendable arm (32), and the second propulsion
device (16) is configured to extend the extendable arm (32) to move the propeller (17a) to front of the bow of the hull
(11, 12, 13) with respect to the front-rear direction of the hull (11, 12, 13).

12. The marine propulsion system (19) according to claim 10, wherein the second propulsion device (16) includes a
propeller (17a) configured to generate the another thrust, and an extendable rod (18), wherein the propeller (17a) is
disposed at a distal end of the extendable rod (18), and the second propulsion device (16) is configured to incline the
extendable rod (18) with respect to a water line of the hull (11, 12, 13) in consideration of a water surface to submerge
thepropeller (17a) in front of thebowof thehull (11, 12, 13)with respect to the front-rear directionof thehull (11, 12, 13).

13. Themarine propulsion system (19) according to any one of claims 8 to 12, wherein the controller (31) is configured to
control the first port sidepropulsiondevice (14) to generate forward thrust, configured to control the first starboard side
propulsion device (15) to generate rearward thrust, and configured to control the second propulsion device (16) to
generate another thrust toward the port side, to move the hull (11, 12, 13) in the lateral direction to the starboard side,
and
the controller (31) is configured to control the first port side propulsion device (14) to generate rearward thrust,
configured to control the first starboard side propulsion device (15) to generate forward thrust, and configured to
control the second propulsion device (16) to generate another thrust toward the starboard side, to move the hull (11,
12, 13) in the lateral direction to the port side.

14. Amarine vessel (10) havingahull (11, 12, 13) and comprisingamarinepropulsion system (19) according to anyoneof
claims 1 to 13.

15. A control method of a marine propulsion system (19) for a marine vessel (10) having a hull (11, 12, 13), the system
comprising first port side propulsion device (14) configured to be positioned on a stern of the port side of the hull (11),
andafirst starboard sidepropulsiondevice (15) positionedonasternof starboard sideof thehull (12),wherein the first
port sidepropulsiondevice (14) and the first starboard sidepropulsiondevice (15) are configured tobesteered in each
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of a rightward turning direction and a leftward turning direction with respect to a center line (CL) extending in a front-
rear direction of the hull (11, 12, 13), respectively, a secondpropulsion device (16) configured to be disposed ona bow
side of the hull (11, 12, 13), and a controller (31) for controlling the first port side propulsion device (14) and the first
starboard side propulsion device (15), wherein
for moving the hull (11, 12, 13) in a lateral direction with respect to the center line (CL) extending in the front-rear
direction of the hull (11, 12, 13), the control method comprising:

fully steering in the leftward turningdirection the first port sidepropulsiondevice (14) positionedonaport sidewith
respect to the center line (CL), and
fully steering in the rightward turning direction the first starboard side propulsion device (15) positioned on a
starboard side with respect to the center line (CL), whereby a line of thrust generated by the first port side
propulsion device (14) and a line of thrust generated by the first starboard side propulsion device (15) form an
inverted V shape in plan view;
generating a forward thrust or rearward thrust by the first port side propulsion device (14) andgenerating thrust by
the first starboard side propulsion device (15) in a direction opposite to the thrust generated by the first port side
propulsion device (14), whereby a point (P) of action of a lateral movement force that is a resultant force of the
thrust generated by the first port side propulsion device (14) and the thrust generated by the first starboard side
propulsion device (15) is positioned in front of a turning center (G) of the hull (11, 12, 13) with respect to the front-
rear direction of the hull (11, 12, 13); and
generating another thrust by the second propulsion device (16) to generate a counter yawmoment that cancels a
yaw moment about the turning center (G) generated by the lateral movement force.
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