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(57)  An outboard motor includes a main body with a
power source therein and a bracket to be attached to a
stern of a hull. The main body rotates about a rotating
shaft of the bracket, such that an upper portion of the
main body moves toward the front of a marine vessel and
a lower portion of the main body moves toward the rear
of the marine vessel, or such that the upper portion of
the main body moves toward the rear of the marine vessel
and the lower portion of the main body moves toward the
front of the marine vessel. In the hull on sailing, the dis-
tance from the rotating shaft to the upper end of the stern
is equal to or longer than the distance from the rotating
shaft to a propeller shaft, with respect to the vertical di-
rection of the marine vessel.
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Description

[0001] The present invention relates to an outboard
motor capable of being tilted up and trimmed in, and a
marine vessel therewith.

[0002] A relatively small marine vessel such as a plan-
ing boat has an outboard motor as a propulsion device.
As shown in FIG. 9A, an outboard motor 90 includes an
outboard motor main body 91 incorporating a power
source therein, and a bracket 93 provided with a tilt shaft
92. The bracket 93 is attached to a stern 98 of a hull 94
of a marine vessel, and the outboard motor main body
91 is attached to the bracket 93 so as to rotate about the
tilt shaft 92. Note that in FIG. 9A to FIG. 9C, the left side
in the figures corresponds to a forward direction of the
marine vessel, the right side in the figures corresponds
to a rearward direction of the marine vessel, the upper
side in the figures corresponds to an upper direction of
the marine vessel, and the lower side in the figures cor-
responds to a lower direction of the marine vessel. The
tilt shaft 92 extends in the crosswise direction of the ma-
rine vessel, and hence the outboard motor main body 91
rotates about the tilt shaft 92 counterclockwise as viewed
in the drawing (tilt-up) such that an upper portion 91a
moves forward and downward and a lower portion 91b
moves rearward and upward (FIG. 9A), or rotates about
the tilt shaft 92 clockwise as viewed in the drawing (trim-
in) such that the upper portion 91a moves rearward and
downward and the lower portion 91b moves forward and
upward (FIG. 9B)(see, for example, Japanese Laid-open
Patent Publication (Kokai) No. H01-317893).

[0003] Conventionally, a reciprocating engine 95,
which is an internal combustion engine, has been used
as a power source for the outboard motor 90. In an upper
portion 91a of the outboard motor main body 91, the re-
ciprocating engine 95 is disposed such that a crankshaft
lies along the vertical direction and a cylinder head 96
lies behind a cylinder block 97 (FIG. 9A). Thus, when the
outboard motor main body 91 is trimmed in to a great
extent, at least a part of the cylinder head 96 becomes
positioned at a lower position than the cylinder block 97.
Therefore, lubricating oil for a cylinder in the cylinder
block 97 may be burned in a fuel chamber without going
back to a crankcase, and as a result, the reciprocating
engine 95 may blow white smoke. For this reason, in the
outboard motor 90 using the reciprocating engine 95, it
is difficult for the outboard motor main body 91 to trim in
to a great extent.

[0004] Implementation of carbon-free mobile bodies as
one of means for achieving recently-advocated SDGs
(Sustainable Development Goals) has been pursued,
and as a power source for an automobile which is as an
example of mobile bodies, an internal combustion engine
is being increasingly replaced with an electric motor.
[0005] As the power source of the outboard motor 90,
it has also been studied to replace an internal combustion
engine with an electric motor as with the automobile. If
the power source of the outboard motor 90 is replaced
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with an electric motor, the combustion of the lubricating
oil described above will never happen, which will make
it unnecessary to limit the amount of trim-in so as to pre-
vent the white smoke. Trim-in has a significant effect on
posture control in the pitch direction while the marine
vessel is sailing, and hence in the outboard motor 90
using an electric motor as the power source, the outboard
motor main body 91 is required to be trimmed in to a
great extent from the standpoint of increasing the degree
of freedom in posture control.

[0006] On the other hand, for the conventional out-
board motor 90, the outboard motor main body 91 is re-
quired to be tilted up to a great extent since priority is
given to lifting the outboard motor main body 91 out of
water when the marine vessel is anchored at a pier or
the like for a long period of time. Accordingly, in a con-
ventional technique, by placing the tilt shaft 92 in the vi-
cinity of the upper portion 91a of the outboard motor main
body 91, even if the outboard motor main body 91 is tilted
up to a great extent, the amount of movement to forward
of the upper portion 91a of the outboard motor main body
91 is kept small so that the upper portion 91a of the out-
board motor main body 91 is prevented from interfering
with the hull 94 (FIG. 9B).

[0007] However, if the tilt shaft 92 is placed in the vi-
cinity of the upper portion 91a of the outboard motor main
body 91, the lower portion 91b of the outboard motor
main body 91 moves forward by a large amount when
the outboard motor main body 91 is trimmedin, and there-
fore, even when the amount of trim-in is increased only
a little, the lower portion 91b of the outboard motor main
body 91 may interfere with the hull 94 (FIG. 9C). Thus,
in the conventional outboard motor 90, it is difficult to
increase the amount (angle) of the trim-in of the outboard
motor main body 91, and the outboard motor main body
91 is allowed to be trimmed in up to only about 4° about
the tilt shaft 92. Namely, there is room for improvement
regarding the amount of trim-in that can be achieved.
[0008] Itisthe objectofthe presentinvention to provide
an outboard motor that can achieve a great trim-in of the
main body of the outboard motor.

[0009] According to the present invention said object
is solved by an outboard motor having the features of the
independent claim 1. As an alternative solution of said
object, it is provided an outboard motor having the fea-
tures of the independent claim 12 or an outboard motor
having the features of the independent claim 13. Pre-
ferred embodiments are laid down in the dependent
claims.

[0010] According to a preferred embodiment, an out-
board motor comprising a main body that incorporates a
power source therein, and a bracket that includes a ro-
tating shaft, wherein the bracket is to be attached to a
stern of a hull of a marine vessel, wherein: the main body
is attached to the bracket so as to be able to rotate a first
rotation and a second rotation; a propeller shaft for ro-
tating a propeller is provided at a lower portion of the
main body; in the first rotation, the main body rotates



3 EP 4 242 097 A1 4

about the rotating shaft such that an upper portion of the
main body moves toward the front of the marine vessel
and a lower portion of the main body moves toward the
rear of the marine vessel; in the second rotation, the main
body rotates about the rotating shaft such that the upper
portion of the main body moves toward the rear of the
marine vessel and the lower portion of the main body
moves toward the front of the marine vessel; and while
the marine vessel is sailing, a first distance from the ro-
tating shaft to an upper end of the stern with respect to
a vertical direction of the marine vessel is equal to or
longer than a second distance from the rotating shaft to
the propeller shaft with respect to the vertical direction
of the marine vessel.

[0011] Accordingto another preferred embodiment, an
outboard motor comprising a main body thatincorporates
a power source therein, and a bracket that includes a
rotating shaft, wherein the bracket is to be attached to a
stern of a hull of a marine vessel, wherein: the main body
is attached to the bracket so as to be able to rotate a first
rotation and a second rotation; in the first rotation, the
main body rotates about the rotating shaft such that an
upper portion of the main body moves toward the front
of the marine vessel and a lower portion of the main body
moves toward the rear of the marine vessel; in the second
rotation, the main body rotates about the rotating shaft
such that the upper portion of the main body moves to-
ward the rear of the marine vessel and the lower portion
of the main body moves toward the front of the marine
vessel; and with respect to a vertical direction of the ma-
rine vessel, the rotating shaftis disposed closer to alower
end of the stern than to an upper end of the stern.
[0012] Accordingto another preferred embodiment, an
outboard motor comprising a main body thatincorporates
a power source therein, and a bracket that includes a
rotating shaft, wherein the bracket is to be attached to a
stern of a hull of a marine vessel, wherein: the main body
is attached to the bracket so as to be able to rotate a first
rotation and a second rotation; in the first rotation, the
main body rotates about the rotating shaft such that an
upper portion of the main body moves toward the front
of the marine vessel and a lower portion of the main body
moves toward the rear of the marine vessel; in the second
rotation, the main body rotates about the rotating shaft
such that the upper portion of the main body moves to-
ward the rear of the marine vessel and the lower portion
of the main body moves toward the front of the marine
vessel; and with respect to a vertical direction of the ma-
rine vessel, the rotating shaftis disposed closer to alower
end of the main body than to an upper end of the main
body.

[0013] Accordingtothe configuration described above,
: while the marine vessel is sailing, the first distance from
the rotating shaftto the upper end of the stern with respect
to the vertical direction of the marine vessel is equal to
orlonger than the second distance from the rotating shaft
to the propeller shaft with respect to the vertical direction
of the marine vessel; the rotating shaft is disposed closer
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to the lower end of the stern than to the upper end of the
stern with respect to the vertical direction of the marine
vessel; or the rotating shaftis disposed closer to the lower
end of the main body than to the upper end of the main
body with respect to the vertical direction of the marine
vessel. Namely, the rotating shaft of the main body of the
outboard motor is disposed closer to the bottom with re-
spectto the vertical direction of the marine vessel. There-
fore, the amount of the forward movement of the lower
portion of the main body when the outboard motor is ro-
tated about the rotating shaft such that the lower portion
of the main body of the outboard motor moves forward
of the marine vessel (trimmed in) is small, and hence
even if the amount of trim-in is increased, the lower por-
tion of the main body can be prevented from interfering
with the hull. As a result, the main body of the outboard
motor can be trimmed in to a great extent.

[0014] Further features of the present teaching will be-
come apparent from the following description of a pre-
ferred embodiment (with reference to the attached draw-
ings).

[0015] The above and other elements, features, steps,
characteristics and advantages of the present teaching
will become more apparent from the following detailed
description of the preferred embodiment with reference
to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG. 1 is a side view of a marine vessel to which an
outboard motor according to a first preferred embod-
iment is applied.

FIG. 2 is a side view useful in explaining the outline
of a configuration of the outboard motor according
to the first preferred embodiment.

FIGS. 3A to 3C are views useful in explaining trim-
in and tilt-up of an outboard motor main body in the
first preferred embodiment.

FIGS. 4A to 4C are views useful in explaining shift
of a state of a planing boat equipped with an outboard
motor including a conventional reciprocating engine
to a planing state.

FIGS. 5A to 5C are views useful in explaining a shift
of a state of a marine vessel equipped with an out-
board motor including an electric motor according to
the first preferred embodiment, to the planing state.
FIG. 6 is a side view of a marine vessel to which an
outboard motor according to a second preferred em-
bodiment is applied.

FIG. 7 is a side view useful in explaining the outline
of a configuration of the outboard motor according
to the second preferred embodiment.

FIGS. 8A to 8C are views useful in explaining trim-
in and tilt-up of an outboard motor main body in the
second preferred embodiment.

FIGS. 9A to 9C are views useful in explaining trim-



5 EP 4 242 097 A1 6

in and tilt-up of a conventional outboard motor main
body.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0017] Hereafter, preferred embodiments will be de-
scribed with reference to the drawings. A description will
now be given of a first preferred embodiment.

[0018] FIG. 1 is a side view of a marine vessel 10 to
which an outboard motor 13 according to the first pre-
ferred embodiment is applied. FIG. 2 is a side view useful
in explaining the outline of a configuration of the outboard
motor 13 according to the first preferred embodiment.
[0019] The marine vessel 10is, for example, a plaining
boat, and includes a hull 11 and atleast one, forexample,
two outboard motors 13 as marine propulsion devices to
be attached to a stern 12 of the hull 11. A cabin 14 also
serving as a cockpit is disposed in the hull 11. Although
FIG. 1 shows the marine vessel 10 in a plaining state,
the marine vessel 10 is not limited to a planing boat, but
may be, for example, a relatively small marine vessel of
a displacement type.

[0020] Notethatinthe drawings to be referredtobelow,
the left side in the figures corresponds to a forward di-
rection of the marine vessel 10, the right side in the figures
corresponds to a rearward direction of the marine vessel
10, the upper side in the figures corresponds to an upper
direction of the marine vessel 10, and the lower side in
the figures corresponds to a lower direction of the marine
vessel 10, a depth direction in the figures corresponds
to a right direction of the marine vessel 10, and a front
direction in the figures corresponds to a left direction of
the marine vessel 10.

[0021] The outboard motor 13 includes an outboard
motor main body 16 incorporating an electric motor 15
as a power source therein, a bracket 18 provided with a
tilt shaft 17 (rotating shaft), and a lift mechanism 19 at-
tached to the stern 12 of the hull 11. In the outboard motor
main body 16, the electric motor 15 is disposed in an
upper portion 16a. The outboard motor main body 16
further includes a propeller 20 and a propeller shaft 21
for rotating the propeller 20, disposed in a lower portion
16b, and a drive shaft 22 that transmits a driving force of
the electric motor 15 to the propeller shaft 21. The pro-
peller 20 rotated by the driving force of the electric motor
15 applies a propulsive force to the marine vessel 10.
The propeller shaft 21 is disposed along the fore-and-aft
ofthe marine vessel 10, and the drive shaft 22 is disposed
along the vertical direction of the marine vessel 10
[0022] A steering mechanism (not illustrated) is pro-
vided in the outboard motor 13, and by swinging the out-
board motor 13 in the crosswise direction of the marine
vessel 10 with respect to the hull 11, adjusts the direction
in which a propulsive force generated by the outboard
motor 13 acts with respect to the crosswise direction.
[0023] The bracket 18is attached to the stern 12 of the
hull 11 via the lift mechanism 19, wherein the lift mech-
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anism 19 moves the bracket 18 with respect to the vertical
direction of the marine vessel 10. The outboard motor
main body 16 is attached to the bracket 18. As a result,
the lift mechanism 19 moves the outboard motor main
body 16 via the bracket 18 with respect to the vertical
direction of the marine vessel 10.

[0024] The outboard motor main body 16 is attached
to the bracket 18 rotatably about the tilt shaft 17. The tilt
shaft 17 extends in the crosswise direction of the marine
vessel 10, and hence the outboard motor main body 16
rotates about the tilt shaft 17 counterclockwise as viewed
in the drawing (first rotation) such that the upper portion
16a moves forward and downward of the marine vessel
10 and the lower portion 16b moves rearward and upward
of the marine vessel 10, or rotates about the tilt shaft 17
clockwise as viewed in the drawing (second rotation)
such that the upper portion 16a moves rearward and
downward of the marine vessel 10 and the lower portion
16b moves forward and upward of the marine vessel 10.
Note that the first rotation will be referred to as "tilt-up”,
and the second rotation will be referred to as "trim-in".
[0025] The bracket 18 comprises a rotational mecha-
nism, such as a power tilt trim (not illustrated), including
a hydraulic actuator for tilting up the outboard motor main
body 16 and a hydraulic actuator for trimming in the out-
board motor main body 16. The lift mechanism 19 in-
cludes a hydraulic actuator (notillustrated) for moving up
and down the bracket 18.

[0026] While the marine vessel 10 is sailing, the lift
mechanism 19 adjusts (changes) the position of the out-
board motor main body 16 with respect to the vertical
direction via the bracket 18 so that the propeller 20 can
be entirely submerged under the water surface. At this
time, the distance L6 from the tilt shaft 17 to the lower
end of the stern 12 with respect to the vertical direction
is equal to or shorter than the distance L1 (first distance)
from the tilt shaft 17 to the upper end of the stern 12 with
respect to the vertical direction. Namely, the tilt shaft 17
is closer to the lower end of the stern 12 than to the upper
end of the stern 12 with respect to the vertical direction.
Moreover, the distance L2 (second distance) from the tilt
shaft 17 to the propeller shaft 21 with respect to the ver-
tical direction is equal to or shorter than the distance L1.
Further, the distance L4 from the tilt shaft 17 to the lower
end of the outboard motor main body 16 with respect to
the vertical direction is equal to or shorter than the dis-
tance L3 from the tilt shaft 17 to the upper end of the
outboard motor main body 16 with respect to the vertical
direction. Namely, the tilt shaft 17 is closer to the lower
end of the outboard motor main body 16 than to the upper
end of the outboard motor main body 16 with respect to
the vertical direction. In addition, the distance L5 from
the rear end of the stern 12 to the tilt shaft 17 with respect
to the fore-and-aft direction is greater than zero. Namely,
the tilt shaft 17 is disposed at more rear than the rearend
of the stern 12 with respect to the fore-and-aft direction.
[0027] FIGS. 3A to 3C are views useful in explaining
trim-in and tilt-up of the outboard motor main body 16 in
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the first preferred embodiment.

[0028] As shown in FIG. 3A, while the marine vessel
10 is sailing, the outboard motor main body 16 that has
not been trimmed in or tilted up is held by the bracket 18
such that the drive shaft 22 lies along the vertical direc-
tion. When a vessel operator or the like instructs to trim
in the outboard motor main body 16, the power tilt trim
of the bracket 18 rotates the outboard motor main body
16 clockwise as viewed in the drawing with respect to
the tilt shaft 17 (FIG. 3B).

[0029] Here, as described above, with respect to the
vertical direction, the tilt shaft 17 is closer to the lower
end of the stern 12 than to the upper end of the stern 12,
and the distance L2 from the tilt shaft 17 to the propeller
shaft 21 with respect to the vertical direction is equal to
or shorter than the distance L1 from the tilt shaft 17 to
the upper end of the stern 12 with respect to the vertical
direction. Namely, the tilt shaft 17 is disposed closer to
the bottom, and in the outboard motor main body 16, the
tilt shaft 17 is closer to the lower end of the outboard
motor main body 16 than to the upper end of the outboard
motor main body 16. Thus, the distance from the tilt shaft
17 to the lower end of the outboard motor main body 16
is short, and hence the amount of the forward movement
of the lower portion 16b of the outboard motor main body
16 when the outboard motor main body 16 is trimmed in
about the tilt shaft 17, is small. As a result, even if the
amount of trim-in is increased, the interference of the
lower portion 16b with the stern 12 can be prevented,
and the outboard motor main body 16 can be trimmed in
to a great extent.

[0030] Moreover, in the present preferred embodi-
ment, the tilt shaft 17 is disposed at more rear than the
rear end of the stern 12 with respect to the fore-and-aft
direction, as described above. In this arrangement, the
outboard motor main body 16 is away from the stern 12,
which makes the lower portion 16b less likely to interfere
with the stern 12 when the outboard motor main body 16
is trimmed in about the tilt shaft 17. Therefore, placing
the tilt shaft 17 at more rear than the rear end of the stern
12 with respect to the fore-and-aft direction contributes
to achieving a great trim-in of the outboard motor main
body 16.

[0031] In this way, in the present preferred embodi-
ment, the great trim-in of the outboard motor main body
16 can be achieved. Specifically, the position of the tilt
shaft 17 while the marine vessel 10 is sailing is set such
that the maximum rotational angle 64 (maximum trim-in
angle) is equal to or greater than 20° (64 > 20°), more
preferably equal to or greater than 30° (64> 30°), wherein
atthe maximum rotational angle 64, the lower portion 16b
of the outboard motor main body 16 does not interfere
with the stern 12 of the hull 11 or the bracket 18 when
the outboard motor main body 16 is rotated clockwise as
viewed in the drawings with respect to the tilt shaft 17
from the state in which the drive shaft 22 lies along the
vertical direction (neutral state).

[0032] To anchor the marine vessel 10 at a pier for a
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long period of time for storage, the outboard motor main
body 16 is lifted out of water. In this case, the lift mech-
anism 19 raises the outboard motor main body 16 to its
uppermost position via the bracket 18, and further, the
power tilt trim of the bracket 18 tilts up the outboard motor
main body 16 with respect to the tilt shaft 17 (FIG. 3C).
At this time, with the upward movement of the bracket
18, the tilt shaft 17 is positioned closer to the upper side,
and hence even if the amount of tilt-up is increased, the
upper portion 16a of the outboard motor main body 16
can be prevented from interfering with the stern 12, by
which the great tilt-up of the outboard motor main body
16 can be achieved. As a result, the lower portion 16b of
the outboard motor main body 16 can be relatively moved
upward to a great extent, enabling the propeller 20 to
reliably leave water.

[0033] FIGS. 4A to 4C are views useful in explaining
shift of a state of a planing boat equipped with an outboard
motor including a conventional reciprocating engine to a
planing state.

[0034] When a conventional planing boat 40 is sailing
at low speed, lift force is hardly generated at a vessel’s
bottom, and hence as with a marine vessel of a displace-
ment type, water draft has a predetermined depth. At this
time, an outboard motor 41 is hardly trimmed in, and the
loading direction (acting direction) of a propulsive force
f generated by a propeller 42 of the outboard motor 41
is parallel or substantially parallel to the water surface
(FIG. 4A). Note that in FIG. 4A to FIG. 4C, the loading
direction of the propulsive force f is indicated by dot-
dashed lines, and the water surface is indicated by a solid
line.

[0035] When the vessel speed increases, a wave is
generated due to cutwater of a bow 43 of the planing
boat 40, a hull 44 of the planing boat 40 is raised by the
wave crest, and a stern 45 of the planing boat 40 falls
into a wave hollow, causing the planing boat 40 to be into
a hump state in which the bow 43 to be raised relatively
(FIG. 4B). In the hump state, the resistance, wave-mak-
ing resistance, and viscous resistance acting on the hull
44 increase, making it difficult for the vessel speed to
increase, and therefore, noliftis generated atthe vessel’s
bottom, making it difficult for the planing boat 40 to go
into the planing state. To end the hump state, for exam-
ple, a pitching moment (a counterclockwise moment as
viewed in the drawings) as to lower the bow 43 should
be generated about a center of gravity 46 of the hull 44
by the propulsive force f.

[0036] However, the outboard motor 41 of the conven-
tional planing boat 40 is allowed to be trimmed in up to
only about 4° about a tilt shaft 47 as described above,
and the loading direction of the propulsive force f gener-
ated by the propeller 42 provided in a lower portion of
the outboard motor 41 is kept below the center of gravity
46. As a result, a pitching moment 48 generated about
the center of gravity 46 by the propulsive force f is a mo-
ment clockwise as viewed in the drawings and acts on
the hull 44 to raise the bow 43. Note that the pitching
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moment 48 is indicated by white arrows in the drawings.
[0037] Accordingly, the conventional planing boat 40
is equipped with a trim tab 49 as a posture control plate
at the stern 45. The trim tab 49 rotates at the stern 45
with respect to the vertical direction of the planing boat
40. In the conventional planing boat 40, lift force L is
generated in the vicinity of the bow 45 by the trim tab 49
being lowered. The lift force L generates a pitching mo-
ment 50 (a moment counterclockwise as viewed in the
drawing) as to lower the bow 43 about the center of gravity
46 (FIG. 4C). As a result, the bow is lowered, ending the
hump state. As a result, the resistance acting on the hull
44 is decreased to increase the vessel speed, and the
lift force generated at the vessel's bottom enables the
planing boat 40 to go into the planing state. Note that the
pitching moment 50 is indicated by a hatched arrow in
the drawing.

[0038] When the trim tab 49 is lowered, the resistance
acting on the trim tab 49 increases, and hence the recip-
rocating engine of the outboard motor 41 is required to
have high power output, leading to upsizing of the recip-
rocating engine and upsizing of the outboard motor 41.
On the other hand, in the marine vessel 10 equipped with
the outboard motor 13 using the electric motor 15 ac-
cording to the present preferred embodiment, itis unnec-
essary to use a trim tab so as to end the hump state. A
detailed description thereof will be given below.

[0039] FIGS. 5A to 5C are views useful in explaining
a shift of a state of a marine vessel 10 equipped with the
outboard motor 13 including the electric motor 15 accord-
ing to the first preferred embodiment, to the planing state.
[0040] As with the plaining boat 40, when the marine
vessel 10 is sailing at low speed, lift force is hardly gen-
erated at the vessel’s bottom, and hence water draft has
a predetermined depth. At this time, the outboard motor
13 is hardly trimmed in, and the loading direction (acting
direction) of a propulsive force F generated by the pro-
peller 20 of the outboard motor 13 is parallel or substan-
tially parallel to the water surface (FIG. 5A). Note that in
FIG.5A to FIG. 5C, the loading direction of the propulsive
force F is indicated by dot-dashed lines, and the water
surface is indicated by a solid line.

[0041] When the vessel speed increases, a wave is
generated due to cutwater of a bow 23 of the marine
vessel 10, causing the marine vessel 10 to be into a hump
state in which the bow 23 to be raised relatively (FIG.
5B). As described above, in the outboard motor 13, the
position of the tilt shaft 17 while the marine vessel 10 is
sailing is set such that the maximum rotational angle 6,
is equal to or greater than 20° (6, > 20°), and more pref-
erably equal to or greater than 30° (64 > 30°). As aresult,
the outboard motor main body 16 can be trimmed in to
a great extent, and accordingly, the loading direction of
the propulsive force F can be turned upward to a great
extent. Thus, the loading direction of the propulsive force
F generated by the propeller 20 can be shifted above a
center of gravity 24, and hence a pitching moment 25
generated about the center of gravity 24 by the propulsive
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force F is counterclockwise as viewed in the drawing and
acts on the hull 11 to lower the bow 23 (FIG. 5C). Note
that the pitching moment 25 is indicated by a white arrow
in the drawing.

[0042] That is, in the present preferred embodiment,
the outboard motor main body 16 can be trimmed in to
a great extent, and the propulsive force F can therefore
generate the pitching moment 25 for lowering the bow
23. As aresult, it can eliminate a necessity of use a trim
tab for the purpose of ending the hump state, and there-
fore eliminate the necessity of a trim tab to be placed in
the marine vessel 10. Moreover, required output of the
electric motor 15 can be reduced, and upsizing of the
electric motor 15 can be avoided.

[0043] A description will now be given of a second pre-
ferred embodiment. The second preferred embodiment
differs from the first preferred embodiment in that a ma-
rine vessel 60 is a hydrofoil boat, not a planing boat. The
other configurations and operations are basically the
same as those of the first preferred embodiment de-
scribed above, and hence the corresponding configura-
tions and operations will not be described.

[0044] FIG. 6 is a side view of a marine vessel 60 to
which an outboard motor 13 according to the second pre-
ferred embodimentis applied. FIG. 7 is a side view useful
in explaining the outline of a configuration of the outboard
motor 13 according to the second preferred embodiment.
[0045] The marine vessel 60 is a hydrofoil, and in-
cludes a hull 61 and at least one, for example, two out-
board motors 13 as marine propulsion devices to be at-
tached to a stern 62 of the hull 61. A cabin 63 also serving
as a cockpit is disposed in the hull 61. FIG. 6 shows the
marine vessel 60 in a foilborne sailing state, but the ma-
rine vessel 60 is not limited to the hydrofoil, and may be,
for example, a relatively small marine vessel of a dis-
placement type equipped with hydrovanes.

[0046] The marine vessel 60 further has hydrovanes
64. The hydrovanes 64 may be configured to be accom-
modatable into the hull 61. The number of hydrovanes
64 is not limited; however, it is preferred that at least two
hydrovanes 64 are disposed side by side in the fore-and-
aft direction of the marine vessel 60. When the speed of
the marine vessel 60 increases, lift force generated by
the hydrovanes 64 increases, causing the hull 61 to leave
water and causing the marine vessel 60 to go into the
foilborne sailing state.

[0047] Notethatinthe drawingstobereferredto below,
the left side in the figures corresponds to a forward di-
rection of the marine vessel 60, the right side in the figures
corresponds to a rearward direction of the marine vessel
60, the upper side in the figures corresponds to an upper
direction of the marine vessel 60, and the lower side in
the figures corresponds to a lower direction of the marine
vessel 60, a depth direction in the figures corresponds
to a right direction of the marine vessel 60, and a front
direction in the figures corresponds to a left direction of
the marine vessel 60.

[0048] As with the first preferred embodiment, while
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the marine vessel 60 is foilborne-sailing, the lift mecha-
nism 19 of the outboard motor 13 adjusts the position of
the outboard motor main body 16 with respect to the ver-
tical direction via the bracket 18 so that the propeller 20
can be entirely submerged under the water surface. The
bottom of the marine vessel 60 while foilborne-sailing
entirely floats over the water surface as shown in FIG. 6,
which requires the lift mechanism 19 to move the propel-
ler 20 downward to a lower position than the outboard
motor 13 (the first preferred embodiment) provided in the
marine vessel 10, which is a planing boat.

[0049] Specifically, in order to move the propeller 20
downward, the lift mechanism 19 moves the outboard
motor main body 16 downward to a lower position, than
the position of the outboard motor main body 16 while
the marine vessel 10 is sailing (the first preferred embod-
iment). Thus, in the second preferred embodiment, as
distinct from the first preferred embodiment, the tilt shaft
17 of the bracket 18 lies at a lower position than the lower
end of the stern 62, wherein the distance L6 from the
lower end of the stern 62 to the tilt shaft 17 with respect
to the vertical direction is equal to or shorter than the
distance L1 from the upper end of the stern 62 to the tilt
shaft 17. In other words, also in the second preferred
embodiment, the tilt shaft 17 is closer to the lower end
of the stern 62 than to the upper end of the stern 62 with
respect to the vertical direction. Moreover, the distance
L2 from the tilt shaft 17 to the propeller shaft 21 with
respect to the vertical direction is equal to or shorter than
the distance L1. Specifically, the distance L1 is twice or
more as long as the distance L2. Note that in the first
preferred embodiment and the second preferred embod-
iment, the outboard motor 13 has the same structure,
and hence as with the first preferred embodiment, the
distance L4 from the tilt shaft 17 to the lower end of the
outboard motor main body 16 with respect to the vertical
direction is equal to or shorter than the distance L3 from
the tilt shaft 17 to the upper end of the outboard motor
main body 16 with respect to the vertical direction. Name-
ly, also in the second preferred embodiment, the tilt shaft
17 is positioned closer to the bottom. Further, the dis-
tance L5 from the rear end of the stern 62 to the tilt shaft
17 with respect to the fore-and-aft direction is greater
than zero, as with the first preferred embodiment.
[0050] FIGS. 8A to 8C are views useful in explaining
trim-in and tilt-up of the outboard motor main body 16 in
the second preferred embodiment.

[0051] As shown in FIG.8A, while the marine vessel
60 is foilborne-sailing, the outboard motor main body 16
that has not been trimmed in or tilted up is held by the
bracket 18 such that the drive shaft 22 lies along the
vertical direction. When a vessel operator or the like in-
structs to trim in the outboard motor main body 16, the
power tilt trim of the bracket 18 rotates the outboard motor
main body 16 clockwise as viewed in the drawing with
respect to the tilt shaft 17 (FIG. 8B).

[0052] As described above, also in the second pre-
ferred embodiment, the tilt shaft 17 is disposed closer to
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the bottom, and the tilt shaft 17 is closer to the lower end
of the outboard motor main body 16 than to the upper
end of the outboard motor main body 16. Thus, the
amount of the forward movement of the lower portion 16b
of the outboard motor main body 16 when the outboard
motor main body 16 is trimmed in about the tilt shaft 17,
is small. As a result, as with the first preferred embodi-
ment, the outboard motor main body 16 can be trimmed
in to a great extent. Also in the second embodiment, the
position of the tilt shaft 17 while the marine vessel 60 is
foilborne-sailing is set such that the maximum trim-in an-
gle 0, is equal to or greater than 20° (6, > 20°), more
preferably equal to or greater than 30° (64 > 30°). Note
that in the second preferred embodiment, the tilt shaft 17
is moved to a lower position than in the first preferred
embodiment, and hence in the second preferred embod-
iment, the lower portion 16b of the outboard motor main
body 16 gets further away from the stern 62 of the hull
61. In the second preferred embodiment, the lower por-
tion 16b of the outboard motor main body 16 is further
away from the stern 62 than in the first preferred embod-
iment, and hence the outboard motor main body 16 can
be trimmed in to a greater extent. Accordingly, in the sec-
ond preferred embodiment, the maximum trim-in angle
01 may be set to a greater value than the maximum trim-
in angle 0 in the first preferred embodiment.

[0053] Notethataswiththefirstpreferred embodiment,
to anchor the marine vessel 60 at a pier for a long period
of time, the lift mechanism 19 raises the outboard motor
main body 16 to its uppermost position, and also tilts up
the outboard motor main body 16 with respect to the tilt
shaft 17 (FIG. 8C).

[0054] As an alternative with regard to the embodi-
ment, the outboard motor 13 may be equipped with any
of the following in place of an electric motor as a power
source: an internal combustion engine in which lubricat-
ing oil never goes back to a crankcase and burns even
if the outboard motor main body 16 is trimmed in to a
great extent, such as a rotary engine and a reciprocating
engine disposed such that its cylinder head is never po-
sitioned below a cylinder block when the outboard motor
main body 16 is trimmed in.

Claims

1. Anoutboard motor (13) configured to be attached to
a marine vessel (10, 60) having a hull (11, 61) with
a stern (12, 62), comprising:

a main body (16) that incorporates a power
source (15) therein; and

a bracket (18) that includes a rotating shaft (17),
wherein the bracket (18) is configured to be at-
tached to the stern (12, 62), wherein

the main body (16) is attached to the bracket
(18) so as to be able to rotate a first rotation and
a second rotation about the rotation shaft (17),
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a propeller shaft (21) for rotating a propeller (20)
is provided at a lower portion (16b) of the main
body (16),

in the first rotation, the main body (16) rotates
about the rotating shaft (17) such that an upper
portion (16a) of the main body (16) with regard
to a vertical direction of the marine vessel (10,
60) moves toward the stern (12, 62) of the ma-
rine vessel (10, 60) and a lower portion (16b) of
the main body (16) with regard to a vertical di-
rection of the marine vessel (10, 60) moves
away from the stern (12, 62) of the marine vessel
(10, 60),

in the second rotation, the main body (16) ro-
tates about the rotating shaft (17) such that the
upper portion (16a) of the main body (16) moves
away from the stern (12, 62) of the marine vessel
(10, 60) and the lower portion (16b) of the main
body (16) moves toward the stern (12, 62) of the
marine vessel (10, 60), and

while the marine vessel (10, 60) is sailing, a first
distance (L1) from the rotating shaft (17) to an
upper end of the stern (12, 62) with respect to a
vertical direction of the marine vessel (10, 60)
is equal to or longer than a second distance (L2)
from the rotating shaft (17) to the propeller shaft
(21) with respect to the vertical direction of the
marine vessel (10, 60).

The outboard motor (13) according to claim 1, where-
in while the marine vessel (10, 60) is sailing, the first
distance (L1) is twice or more as long as the second
distance (L2).

The outboard motor (13) according to claim 1 or 2,
wherein with respect to a fore-and-aft direction of the
hull (11, 61), the rotating shaft (17) is disposed at
more rear than a rear end of the stern (12, 62).

The outboard motor (13) according to at least one
of the claims 1 to 3, wherein in the second rotation,
the main body (16) rotates about the rotating shaft
(17) by a rotation angle of 20° or more.

The outboard motor (13) according to at least one
of the claims 1 to 4, wherein in the second rotation,
the main body (16) rotates about the rotating shaft
(17) by a rotation angle of 30° or more.

The outboard motor (13) according to at least one
of the claims 1 to 5, wherein a posture control plate
that rotates with respect the vertical direction of the
marine vessel (10, 60) is not disposed at the stern
(12, 62) of the hull (11, 61).

The outboard motor (13) according to at least one
of the claims 1 to 6, further comprising a lift mecha-
nism (19) that is configured to move the main body
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10.

1.

12.

(16)with respectto the vertical direction of the marine
vessel (10, 60).

The outboard motor (13) according to claim 7, where-
in the lift mechanism (19) is configured for changing
a position of the main body (16) with respect to the
vertical direction of the marine vessel (60) while the
marine vessel (60) is sailing.

The outboard motor (13) according to claim 7 or 8,
wherein the marine vessel (60) comprises hydrov-
anes (64), and the lift mechanism (19) is configured
to move the main body (16) downward to a lower
side of the hull (11, 61) while the marine vessel (60)
is foilborne-sailing.

The outboard motor (13) according to at least one
of the claims 7 to 9, wherein the lift mechanism (19)
is configured to raise the main body (16), and the
main body (16) rotates the first rotation.

The outboard motor (13) according to at least one
of the claims claim 1 to 10, wherein the power source
is an electric motor (15).

An outboard motor (13) configured to be attached to
a marine vessel (10, 60) having a hull (11, 61) with
a stern (12, 62), comprising:

a main body (16) that incorporates a power
source (15) therein; and

a bracket (18) that includes a rotating shaft (17),
wherein the bracket (18) is configured to be at-
tached to the stern (12, 62), wherein

the main body (16) is attached to the bracket
(18) so as to be able to rotate a first rotation and
a second rotation about the rotation shaft (17),
in the first rotation, the main body (16) rotates
about the rotating shaft (17) such that an upper
portion (16a) of the main body (16) with regard
to a vertical direction of the marine vessel (10,
60) moves toward the stern (12, 62) of the ma-
rine vessel (10, 60) and a lower portion (16b) of
the main body (16) with regard to a vertical di-
rection of the marine vessel (10, 60) moves
away from the stern (12, 62) of the marine vessel
(10, 60),

in the second rotation, the main body (16) ro-
tates about the rotating shaft (17) such that the
upper portion (16a) of the main body (16) moves
away from the stern (12, 62) of the marine vessel
(10, 60) and the lower portion (16b) of the main
body (16) moves toward the stern (12, 62) of the
marine vessel (10, 60), and

with respectto the vertical direction of the marine
vessel (10, 60), the rotating shaft (17) is dis-
posed closer to a lower end of the stern (12, 62)
than to an upper end of the stern (12, 62).
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13. An outboard motor (13) configured to be attached to
a marine vessel (10, 60) having a hull (11, 61) with
a stern (12, 62), comprising:

a main body (16) that incorporates a power 9%
source (15) therein; and

a bracket (18) that includes a rotating shaft (17),
wherein the bracket (18) is configured to be at-
tached to the stern (12, 62), wherein

the main body (16) is attached to the bracket 70
(18) so as to be able to rotate a first rotation and

a second rotation,

in the first rotation, the main body (16) rotates
about the rotating shaft (17) such that an upper
portion (16a) of the main body (16) with regard 15
to a vertical direction of the marine vessel (10,

60) moves toward the stern (12, 62) of the ma-

rine vessel (10, 60) and a lower portion (16b) of

the main body (16) with regard to a vertical di-
rection of the marine vessel (10, 60) moves 20
away from the stern (12, 62) of the marine vessel

(10, 60),

in the second rotation, the main body (16) ro-
tates about the rotating shaft (17) such that the
upper portion (16a) of the main body (16) moves 25
away from the stern (12, 62) of the marine vessel

(10, 60) and the lower portion (16b) of the main
body (16) moves toward the stern (12, 62) of the
marine vessel (10, 60), and

with respectto the vertical direction ofthe marine 30
vessel (10, 60), the rotating shaft (17) is dis-
posed closer to a lower end of the main body
(16) than to an upper end of the main body (16).

14. A marine vessel (10, 60) equipped with an outboard 35
motor (13) according to at least one of the claims 1
to 13.
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