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caused by a sink vortex generated in the vicinity of a duct
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is provided with a plurality of holes formed therein. Mul-
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attenuated as they pass through the holes in the plate.
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Description

[0001] The presentinvention relates to a plate config-
ured to be provided at a duct of a boat propulsor, a boat
propulsor with a plate and a boat with a boat propulsor.
[0002] Duct-type boat propulsors are known. A duct-
type boat propulsor has a duct, a propeller disposed in
the duct and rotatable around a rotation axis along the
axial direction of the duct, and a rotation mechanism to
rotate the propeller (see, e.g., JP Utility Model Application
Publication No.JP 2016-068610A, JP 2013-100013A, JP
2013-100014A, JP 2022-018645A).

[0003] Inthe known duct-type boat propulsor, the gen-
eration of a large vortex engulfing the air entering the
duct (hereinafter referred to as "sink vortex") can affect
the maneuverability of the hull such as making it impos-
sible to move laterally. Specifically, when a propeller is
rotated in water, multiple water streams that flow around
along the duct merge and grow into a large vortex ("sink
vortex") that engulfs the air near the water surface. As a
result, the sink vortex can affect the maneuverability of
the hull, causing the hull to move diagonally sideways
despite the maneuvering command to move the hull lat-
erally.

[0004] Itisthe object of the presentinvention to provide
a plate configured to be provided at a duct of a boat pro-
pulsor, a boat propulsor with a plate and a boat with a
boat propulsor which allows proper maneuvering of a
boat.

[0005] According to the present invention said object
is solved by a plate configured to be provided at a duct
of a boat propulsor having the features of independent
claim 1, a boat propulsor with a plate according to claim
7 and a boat with a boat propulsor according to claim 14.
Preferred embodiments are laid down in the dependent
claims.

[0006] The technology disclosed herein can be imple-
mented in the following aspects.

[0007] A boat propulsor disclosed herein includes a
duct, a propeller disposed in the duct and rotatable
around arotation axis along the axial direction of the duct,
and a rotation mechanism to rotate the propeller. The
upper portion of the duct is provided with a plate extend-
ing from the duct in the axial direction and having a plu-
rality of holes formed therein. In this boat propulsor, the
plate is provided to extend from the upper portion of the
duct, and the plate is provided with a plurality of holes
formed therein. Multiple water streams coming around
along the duct are attenuated as they pass through the
holes in the plate. Thus, the present boat propulsor can
suppress the reduction in maneuverability of the hull
caused by the sink vortex generated in the vicinity of the
duct.

[0008] In the above boat propulsor, the lowest end of
the plate may be configured to be located above the ro-
tation axis. Thus, compared to a configuration in which
the plate extends from the entire circumference of the
duct, this boat propulsor can reduce the weight of the
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boat propulsor while suppressing the reduction in maneu-
verability of the hull caused by the sink vortex.

[0009] In the above boat propulsor, the plate may be
configured to be symmetrical with respect to the rotation
axis when viewed in the upper-lower direction. According
to this boat propulsor, compared to a configuration in
which the plate is asymmetrically shaped, it is possible
to suppress the boat propulsor from being subjected to
unequal left-right forces due to left-right flow variations
in the vicinity of the duct.

[0010] In the above boat propulsor, the plate may be
configured to be curved along the circumferential direc-
tion of the duct. According to this boat propulsor, com-
pared to a configuration in which the plate is flat, the plate
does not disturb the wing-like connection of the duct and
also has excellent attachability to the duct, as well as
suppressing the reduction in maneuverability of the hull
caused by the sink vortex.

[0011] In the above boat propulsor, the plurality of
holes may be configured to include a plurality of slits ex-
tending along the axial direction of the duct. According
to this boat propulsor, compared to a configuration in
which the holes are slits extending in a direction that in-
tersects the axial direction of the duct, it is possible to
suppress the existence of the holes from becoming a
resistance element to the maneuverability of the hull.
[0012] Inthe above-mentioned boat propulsor, the plu-
rality of holes may be configured to be arranged sym-
metrically with respect to the rotation axis when viewed
in the upper-lower direction. According to this boat pro-
pulsor, it is possible to suppress the boat propulsor from
being subjected to unequal left-right forces due to varia-
tions in the arrangement of the plurality of holes.

[0013] Inthe above boat propulsor, the separation dis-
tance between two mutually adjacent holes may be con-
figured to be wider than the opening width of each hole
in the alignment direction of the two holes. According to
this boat propulsor, vortices dispersed by two adjacent
holes can merge again after passing through each hole
to form a large vortex, thereby suppressing the reduction
in maneuverability of the hull.

[0014] In the above boat propulsor, the plate may be
configured to be a part separate from the duct, and the
plate may be configured to be fixed to the outer surface
of the duct at a first fixing position and a second fixing
position that is displaced from the first fixing position in
both the axial and circumferential directions of the duct.
Thus, compared to a configuration in which all fixing po-
sitions are disposed on the same circle, this boat propul-
sor can improve the strength of the plate against the
downward force due to the sink vortex.

[0015] A boat disclosed herein may be configured to
include a hull and a boat propulsor according to any one
of (1) to (8) above. This boat can suppress the reduction
in maneuverability of the hull caused by the sink vortex
generated in the vicinity of the duct.

[0016] A plate disclosed herein is provided so as to
extend axially from an upper portion of a duct of a boat
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propulsor wherein a propeller is disposed in the duct and
rotatable about a rotation axis along the axial direction
of the duct. The plate is provided with a plurality of holes
formed therein. This plate can suppress the reduction in
maneuverability of the hull caused by the sink vortex gen-
erated in the vicinity of the duct.

[0017] The above plate may be configured to be sym-
metrical in shape when viewed in the upper-lower direc-
tion. According to this plate, for example, compared to a
configuration in which the plate is asymmetrically
shaped, itis possible to suppress the boat propulsor from
being subjected to unequal left-right forces due to left-
right flow variations in the vicinity of the duct.

[0018] The above plate may be configured to be
curved. According to this plate, compared to a configu-
ration in which the plate is flat, the plate does not disturb
the wing-like connection of the duct and also has excel-
lent attachability to the duct, as well as suppressing the
reduction in maneuverability of the hull caused by the
sink vortex.

[0019] Inthe above plate, the plurality of holes may be
configured to include a plurality of slits extending along
a predetermined direction. According to this plate, for ex-
ample, compared to a configuration in which a plurality
of slits extend in different directions from each other, it
is possible to suppress the existence of the holes from
becoming a resistance element to the maneuverability
of the hull.

[0020] Inthe above plate, the plurality of holes may be
configured to be arranged symmetrically when viewed in
the upper-lower direction. This plate can suppress the
boat propulsor from being subjected to unequal left-right
forces due to variations in the arrangement of the plurality
of holes.

[0021] In the above plate, the separation distance be-
tween two mutually adjacent holes may be configured to
be wider than the opening width of each hole in the align-
ment direction of the two holes. With this plate, vortices
dispersed by two adjacent holes can merge again after
passing through each hole to form a large vortex, thereby
suppressing the reduction in maneuverability of the hull.
[0022] The technology disclosed herein can be imple-
mented in various forms, such as in the form of a boat,
a boat propulsor provided on the boat, a plate provided
on the boat propulsor, and a method for suppressing a
sink vortex toward a duct.

[0023] The boat propulsor disclosed herein can sup-
press the reduction in maneuverability of the hull caused
by the sink vortex generated in the vicinity of the duct.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]
FIG. 1 is a simplified top view illustrating a configu-
ration of a boat in an embodiment.

FIG. 2 is a simplified side view illustrating a config-
uration of the leading edge of the boat.
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FIG. 3 is a simplified side view illustrating a config-
uration of an electric propulsor.

FIG. 4 is a schematic view illustrating a configuration
of a drive unit.

FIG. 5 is a top view illustrating a configuration of a
first plate.

FIG. 6 is a top view illustrating the first plate in a state
attached to a duct.

FIG. 7 is a front view illustrating a configuration of a
second plate.

FIG. 8 is an explanatory view schematically illustrat-
ing the water streams near the duct without the first
plate.

FIG. 9 is an explanatory view schematically illustrat-
ing the water streams near the duct with the first
plate.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0025] FIG. 1 is a simplified top view illustrating a con-
figuration of a boat 10 in an embodiment, and FIG. 2 is
a simplified side view illustrating a configuration of the
leading edge of the boat 10. FIGS. 1 and 2, as well as
other drawings described below, show arrows represent-
ing each direction with respect to the position of the boat
10. More specifically, each drawing shows arrows rep-
resenting the front direction (FRONT), rear direction
(REAR), left direction (LEFT), right direction (RIGHT),
upper direction (UPPER), and lower direction (LOWER),
respectively. The front-rear direction, left-right direction,
and upper-lower (vertical) direction are orthogonal to
each other.

[0026] AsshowninFIGS. 1and 2, the boat 10 includes
a hull 200, a boat propulsion system (hereinafter referred
to as the "propulsion system") 100 mounted on the hull
200, a first plate 300 (see, e.g., FIG. 3 below) and a sec-
ond plate 350 (see FIG. 7 below).

[0027] The hull 200 is a part of the boat 10 for occu-
pants to ride. The hull 200 includes, e.g., a hull main body
having a living space, a pilot seat (not shown) installed
in the living space, and an operating device (not shown)
installed near the pilot seat.

[0028] The propulsion system 100 includes a plurality
of electric propulsors 110, a bow thruster 150 provided
separately from the electric propulsors 110, and a boat
control device (not shown) that controls them. The elec-
tric propulsor 110 is an example of the boat propulsor in
the claims. FIG. 1 shows a duct 122, a stator fin 133, and
a bearing 135 of the electric propulsor 110, and a pro-
peller 154 of the bow thruster 150, all of which will be
described later.

[0029] The electric propulsor 110 is a device that gen-
erates thrust to propel the boat 10. Each electric propul-
sor 110 is provided at the stern 202 of the hull 200 and
is designed to exert propulsion force on the hull 200 be-
hind the instantaneous turning center P of the hull 200.
In this embodiment, the plurality of electric propulsors
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110 include the left-side electric propulsor 110 (the elec-
tric propulsor 110 on the left side in FIG. 1) and the right-
side electric propulsor 110 (the electric propulsor 110 on
the right side in FIG. 1). The left-side electric propulsor
110 and theright-side electric propulsor 110 are arranged
symmetrically with respect to the center line C of the hull
200.

[0030] FIG. 3isa simplified side view illustrating a con-
figuration of the electric propulsor 110. As shown in FIG.
3, each electric propulsor 110 includes a propulsor body
112 and a bracket 114. The propulsor body 112 is at-
tached to the stern 202 of the hull 200 via the bracket 114.
[0031] The propulsor body 112 includes a cover 116,
a base 118, a housing 120, a duct 122, and a drive unit
130.

[0032] The base 118 is connected to the bracket 114.
The cover 116 covers the upper portion of the bracket
114. The housing 120 is disposed below the base 118.
The housing 120 extends downward from the base 118.
The duct 122 is disposed below the housing 120. The
duct 122 is tubular in shape. The duct 122 is disposed
at a position below the water surface W (see FIG. 3). The
drive unit 130 is disposed in the duct 122.

[0033] FIG. 4 is a schematic view illustrating a config-
uration of the drive unit 130. The drive unit 130 generates
thrust that propels the boat 10. As shown in FIG. 4, the
drive unit 130 includes a propeller 132 and an electric
motor 134. The electric motor 134 is an example of the
rotation mechanism in the claims.

[0034] The propeller 132 is a rotating body having a
plurality of blades and generates thrust by rotating. The
propeller 132 is provided inside the duct 122 and is ro-
tatable around a horizontal propeller rotation axis L (see
FIG. 4). The propeller rotation axis L is parallel to the
central axis of the duct 122. The duct 122 covers the
entire circumference of the propeller 132, and the ducting
effect of the duct 122 increases the velocity of water flow-
ing into the duct 122. The duct 122 is an example of the
duct in the claims.

[0035] Theelectricmotor 134 rotates the propeller 132.
The electric motor 134 includes a rotor 136 and a stator
138. The rotor 136 and the stator 138 each have a tubular
shape. The rotor 136 is disposed radially inward of the
stator 138. The rotor 136 and the stator 138 are disposed
on the same axis. The rotor 136 is rotatably supported
against the duct 122. The rotor 136 rotates about the
propeller rotation axis L with respect to the stator 138.
The propeller 132 is disposed radially inward of the rotor
136. The propeller 132 is fixed to the rotor 136 and rotates
together with the rotor 136. The rotor 136 includes a plu-
rality of permanent magnets 140. The plurality of perma-
nentmagnets 140 are disposed along the circumferential
direction of the rotor 136. In FIG. 4, only one of the plu-
rality of permanent magnets 140 is labeled with the ref-
erence character "140", and the reference characters of
the other permanent magnets 140 are omitted.

[0036] Thestator 138isfixedtothe duct 122. The stator
138 includes a plurality of coils 142. The plurality of coils
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142 are disposed along the circumferential direction of
the stator 138. When the plurality of coils 142 are ener-
gized, an electromagnetic force is generated to rotate
the rotor 136. In FIG. 4, only one of the plurality of coils
142 is labeled with the reference character "142", and
the reference characters of the other coils 142 are omit-
ted. With the above configuration, the propeller 132 gen-
erates forward propulsion force when the electric motor
134 rotates in the forward direction and backward pro-
pulsion force when the electric motor 134 rotates in the
reverse direction.

[0037] In each electric propulsor 110, the housing 120
is rotatably mounted with respect to the base 118 around
asteering axis (an axis along the vertical direction in each
figure) as a vertical rotation axis. As the housing 120
rotates, the drive unit 130 also rotates around the steering
axis. The stator fin 133 and the bearing 135 are provided
on the radial inner side of the duct 122. The bearing 135
supports the propeller 132 rotatably about the propeller
rotation axis L. The stator fin 133 has a plurality of fins
(e.g., threefins). The plurality of fins are arranged radially
around the bearing 135 and equally spaced around the
propeller rotation axis L and are fixed to the duct 122.
The plurality of fins are provided behind the propeller
132, projecting backward from the duct 122 (see FIGS.
1 and 3).

[0038] AsshowninFIG. 2, the bow thruster 150 is dis-
posed at a position in the hull 200 in the vicinity of the
bow 204 and lower than the water surface W. The bow
thruster 150is a propulsor that provides lateral propulsion
force to the hull 200. The bow thruster 150 includes a
duct 152, a propeller 154, and an electric motor (not
shown).

[0039] The duct 152 is a tubular body that penetrates
in the left-right direction and is attached to the hull 200
via a bracket 156. The propeller 154 is a rotating body
having a plurality of blades and generates thrust by ro-
tating. The propeller 154 is provided inside the duct 152
inthe radial direction and is rotatable around the propeller
rotation axis M in the left-right direction. The electric mo-
tor has the same configuration as the electric motor 134
described above and is disposed in the duct 152. The
propeller 154 is rotated by the power generated by the
electric motor. Specifically, the propeller 154 generates
propulsion force to the right when the electric motor ro-
tates in the forward direction and to the left when the
electric motor rotates in the reverse direction.

[0040] FIG. 5is a top view illustrating a configuration
of a first plate 300, and FIG. 6 is a top view illustrating
the first plate 300 in a state attached to the duct 122. The
first plate 300 is attached to the duct 122 of the electric
propulsor 110 (see, e.g., FIG. 3) and serves to attenuate
the vorticity of the sink vortex generated by the multiple
water flows that occur near the duct 122. In this embod-
iment, the first plate 300 is a part separate from the duct
122.

[0041] As shown in FIGS. 3 and 6, the first plate 300
is provided in the upper portion of the duct 122 and ex-
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tends from the duct 122 in a direction along the propeller
rotation axis L. The first plate 300 is provided with a plu-
rality of holes 322 formed therein.

[0042] Specifically, as shown in FIG. 5, the first plate
300 is, as a whole, a substantially rectangular flat plate.
The first plate 300 is formed of a metal such as an alu-
minum alloy. The entire first plate 300 has a uniform thick-
ness. The first plate 300 is curved along the circumfer-
ential direction of the duct 122 (see FIGS. 3, 5, and 6).
The first plate 300 is curved around the propeller rotation
axis L. When the duct 122 is positioned lower than the
water surface W and the propeller rotation axis L is
aligned with the horizontal line (see FIG. 3), the first plate
300 projects from the upper portion of the duct 122 along
the propeller rotation axis L.

[0043] The lowest end of the first plate 300 is located
above the propeller rotation axis L (see FIG. 3). Specif-
ically, the total circumferential length of the first plate 300
(protruding portion 320 described below) is a length cor-
responding to 120 degrees (1/3) with respect to the total
circumference of the duct 122. The overall length of the
first plate 300 is preferably no less than a length corre-
sponding to 90 degrees (1/4) and no more than a length
corresponding to 180 degrees (1/2) with respect to the
entire circumference of the duct 122. The first plate 300
is symmetrical with respect to the propeller rotation axis
L when viewed in the upper-lower direction (see FIGS.
5 and 6). Specifically, the first plate 300 has the fixing
portion 310 and the protruding portion 320. The protrud-
ing end of the protruding portion 320 is preferably located
behind the rear end of the housing 120 (see FIG. 3). If
the diameter of the propeller 132 is supposed to be "N"
(e.g., 280 mm), the length of the first plate 300 protruding
from the rear end of the duct 122 (length of the protruding
portion 320) may be 0.25N or more, or 0.4N or more. The
length of the protruding portion 320 may be 0.75D orless,
or 0.6N or less.

[0044] The fixing portion 310 is the portion of the first
plate 300 that is fixed to the duct 122. The fixing portion
310 is the front portion including the front end in the first
plate 300 and is fixed to the outer circumference of the
duct 122. Specifically, the fixing portion 310 is curved in
shape corresponding to the outer circumferential surface
of the duct 122. Therefore, the inner surface of the fixing
portion 310 is in surface contact with the outer circum-
ferential surface of the duct 122 over the entire circum-
ferential length of the fixing portion 310.

[0045] The fixing portion 310 is fixed to the outer cir-
cumferential surface of the duct 122 at first fixing posi-
tions 312 and second fixing positions 314 (see FIGS. 5
and 6). The first fixing position 312 and the second fixing
position 314 are displaced from each other in the direction
along the propeller rotation axis L of the duct 122 as well
as in the circumferential direction of the duct 122. Spe-
cifically, the first fixing positions 312 are respectively ar-
ranged symmetrically with respect to L when viewed in
the upper-lower direction. The second fixing positions
314 arerespectively arranged symmetrically with respect
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to L when viewed in the upper-lower direction. Each first
fixing position 312 is positioned closer to the propeller
rotation axis L than the second fixing position 314 when
viewed in the upper-lower direction. Each first fixing po-
sition 312 is positioned on afirst virtual circle R1 centered
on the propeller rotation axis L. Each second fixing po-
sition 314 is located on a second virtual circle R2 centered
on the propeller rotation axis L. The second virtual circle
R2 is located closer to the front end of the first plate 300
(fixing portion 310) than the first virtual circle R1. At each
fixing position, the first plate 300 is fixed to the duct 122
by a fastening member (such as bolts) not shown.
[0046] The protruding portion 320 is a portion of the
first plate 300 that protrudes from the duct 122 in a di-
rection along the propeller rotation axis L (rear side of
the duct 122). The protruding portion 320 is provided with
a plurality of holes 322 formed therein. All holes 322 are
slits extending along the propeller rotation axis L. The
opening width D1 of the slits (see FIG. 5) is substantially
identical over the entire length of the slits. The slit can
be a closed hole that is closed all the way around, as
shown in, e.g., FIG. 5, or it can be an open hole that is
partially open (e.g., at the rear end side of the first plate
300). In this embodiment, all holes 322 are of the same
shape and size as each other and are arranged at equal
intervals (see separation distance D2 in FIG. 3) in the
circumferential direction of the duct 122. The separation
distance D2 is substantially identical over the entire
length of the slit.

[0047] All holes 322 are arranged symmetrically with
respect to the propeller rotation axis L when viewed in
the upper-lower direction (see FIGS. 5 and 6). In this
embodiment, a plurality (equal number) of holes 322 are
formed on the right side and the left side, respectively,
with respect to the propeller rotation axis L. The separa-
tion distance D2 between two holes 322 (slits) adjacent
to each other is wider than the opening width D1 of each
hole in the alignment direction of the two holes 322 (cir-
cumferential direction of the duct 122) (see FIG. 5).
[0048] In this embodiment, all holes 322 satisfy all of
the following conditions (1) to (5).

(1) In the direction along the propeller rotation axis
L, the lengths of all holes 322 are substantially iden-
tical to each other. The length of the holes 322 may
be 1/2 or more, 2/3 or more, or 4/5 or more of the
protruding length of the protruding portion 320 of the
first plate 300.

(2) The positions of the front ends of all holes 322
are located on the same virtual line perpendicular to
the propeller rotation axis L when viewed in the up-
per-lower direction.

(3) The rear ends of all the holes 322 are positioned
on the same imaginary line perpendicular to the pro-
peller rotation axis L when viewed in the upper-lower
direction.

(4) The opening width D1 of each hole 322 is sub-
stantially identical over the entire length.
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(5) The corners of the hole shape of the holes 322
are arcuate.

[0049] FIG. 7 is a front view illustrating a configuration
of a second plate 350. The second plate 350 is attached
to the duct 152 of the bow thruster 150 and serves to
attenuate the vorticity of the sink vortex generated by the
multiple water streams near the duct 152. In this embod-
iment, the second plate 350 is a part separate from the
duct 152.

[0050] As shown in FIG. 7, the second plate 350 is
provided in the upper portion of the duct 152 and extends
from the duct 152 in a direction along the propeller rota-
tion axis M. The second plate 350 is provided with a plu-
rality of holes 352 formed therein.

[0051] Specifically, the secondplate 350is, as awhole,
a substantially rectangular flat plate. The second plate
350 is formed of a metal such as an aluminum alloy. The
entire second plate 350 has a uniform thickness. The
second plate 350 is curved along the circumferential di-
rection of the duct 152. The second plate 350 is curved
around the propeller rotation axis M. When the duct 152
is positioned lower than the water surface W and the
propeller rotation axis M is aligned with the horizontal line
(see FIG. 7), the second plate 350 protrudes from the
upper portion of the duct 152 along the propeller rotation
axis M.

[0052] Specifically, the second plate 350 has a fixing
portion 360 and a pair of protruding portions 370. The
fixing portion 360 is the portion of the second plate 350
thatis fixed to the duct 152. The pair of protruding portions
370 are portions of the second plate 350 respectively
protruding from the duct 152 in the direction along the
propeller rotation axis M (on either side of the duct 152).
Each protruding portion 370 is provided with a plurality
of holes 352 formed therein. All holes 352 are slits ex-
tending along the propeller rotation axis M. All holes 352
are equally spaced in the circumferential direction of the
duct 152.

[0053] The boat 10 can move not only forward and
backward but also laterally. The lateral movement is a
translational movement in which the hull 200 is moved
in a direction that includes a left-right component (e.g.,
to the right or to the right-diagonally backward) while
maintaining the longitudinal orientation without turning
the hull 200. In this embodiment, the boat 10 is moved
laterally by using the propulsion force of the bow thruster
150 in addition to the electric propulsor 110. The boat 10
may be configured to move laterally without using the
propulsion force of the bow thruster 150.

[0054] FIG. 1 illustrates the boat 10 moving laterally in
the right direction. As shown in FIG. 1, the left propulsion
force FL from the left-side electric propulsor 110 and the
right-directional propulsion force FR from the right-side
electric propulsor 110 generate a right-directional pro-
pulsion force F1. At this time, the orientation of each elec-
tric propulsor 110 is adjusted so that the left action line
DL of the left propulsion force FL and the right action line
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DR of the right-directional propulsion force FR cross each
other on the front side of the electric propulsor 110. In
other words, each action line DL, DR is inclined with re-
spect to the center line C of the hull 200. The left-side
electric propulsor 110 and the right-side electric propul-
sor 110 rotate the propellers 132 in opposite directions.
As aresult, the combined force of the left propulsion force
FL and the right-directional propulsion force FR is gen-
erated at the intersection position X of the left action line
DL and the right action line DR as the right-directional
propulsion force F1. Furthermore, the right-directional
propulsion force F2 is generated by the bow thruster 150
in this configuration. Therefore, a propulsion force F3,
which is the combined force of the right-directional pro-
pulsion force F1 and the right-directional propulsion force
F2, is generated in the hull 200, causing the hull 200 to
move laterally.

[0055] The magnitudes of the propulsion force F1 and
F2 are set so that the yawing moment about the turning
center P due to the propulsion force F1 (hereinafter re-
ferred to as "moment") cancels the moment about the
turning center P due to the propulsion force F2. The out-
put of the electric propulsor 110 and bow thruster 150 is
controlled according to the amount of operation at the
operation device. Specifically, the boat control device
sets the target value of the propulsion force F3, the hull
target value, according to the amount of operation at the
operation device.

[0056] FIG. 8 is an explanatory view schematically il-
lustrating the water streams near the duct 122 without
the first plate 300, and FIG. 9 is an explanatory view
schematically illustrating the water streams near the duct
122 with the first plate 300.

[0057] First, as shown in FIG. 8, when the first plate
300 is not attached to the duct 122, a large vortex (here-
inafter referred to as a"sink vortex S1") may be generated
that engulfs the air S3 toward the duct 122. Specifically,
when the propeller 132 is rotated in the water, multiple
water streams S2 that flow around along the duct 122
merge and grow into a large vortex (the "sink vortex S1")
that engulfs the air S3 near the water surface W. As a
result, an air cavity is formed in the vicinity of the propeller
132, and the propulsion force of the electric propulsor
110 (see arrow FRa) s considered to fluctuate due to the
fluctuating thrust of the propeller 132.

[0058] In lateral movement, the fluctuation of the pro-
pulsion force of the electric propulsor 110 (see arrow
FRa) caused by the sink vortex S1 is particularly pro-
nounced. The sink vortex S1 tends to occur especially
on the upstream side of the duct 122 in the right-side
electric propulsor 110 (upstream side of the water stream
flowing through the duct 122 due to the rotation of the
propeller 132, or behind the duct 122 on the right side in
FIG. 1). In contrast, the sink vortex S1 is comparatively
less likely to occur on the upstream side of the duct 122
in the left-side electric propulsor 110 (in front of the left-
side duct 122 in FIG. 1). This is because the hull 200
exists in front of the left-side duct 122 so that multiple
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water streams S2 that come around along the duct 122
are dispersed due to interference with the hull 200. If the
right-directional propulsion force FRa by the right-side
electric propulsor 110 is reduced due to the generation
of the sink vortex S1 behind the right-side duct 122, the
combined force of the left propulsion force FL and the
right-directional propulsion force FRa becomes the right-
diagonal forward propulsion force Fa (see FIG. 1). As a
result, the combined force of the right-diagonal forward
propulsion force Fa generated by the electric propulsor
110 and the right-directional propulsion force F2 gener-
ated by the bow thruster 150 becomes the right-diagonal
forward propulsion force Fb, making it impossible to
move the boat 10 laterally with good accuracy.

[0059] In contrast, the boat 10 of the present embodi-
ment can attenuate the vorticity of the sink vortex S1
generated on the rear side of the duct 122 of the right-
side electric propulsor 110 because the first plate 300 is
attached to the duct 122 of the right-side electric propul-
sor 110. That is, the first plate 300 is provided on the
upper portion of the duct 122 and extends from the duct
122 in a direction along the propeller rotation axis L. The
first plate 300 is provided with a plurality of holes 322
formed therein. As shown in FIG. 9, the multiple water
streams S2 flowing around along the duct 122 reduce
their vorticity (strength) as they pass through the holes
322 formed in the first plate 300. As a result, the vorticity
of the sink vortex S1 generated by the multiple water
streams S2 can be attenuated. As aresult, the combined
force of the left propulsion force FL and the right-direc-
tional propulsion force FR becomes the right-directional
propulsion force F1 (see FIG. 1). As a result, the com-
bined force of the right-directional propulsion force F1
generated by the electric propulsor 110 and the right-
directional propulsion force F2 generated by the bow
thruster 150 becomes the right-directional propulsion
force F3, allowing the boat 10 to move laterally with high
accuracy.

[0060] Similarly, when the boat 10 moves laterally in
the left direction, since the first plate 300 is also attached
to the left-side electric propulsor 110, the vorticity of the
sink vortex S1 generated on the rear side of the duct 122
of the left-side electric propulsor 110 can be attenuated.
Not only when the boat 10 moves laterally but also when
the boat 10 moves forward or backward, a sink vortex
can occur near the duct 122 of the electric propulsor 110.
However, this embodiment can suppress the reduction
in maneuverability of the hull 200 caused by the sink vor-
tex because the first plate 300 is attached to the duct 122.
[0061] In addition, since the second plate 350 is at-
tached to the duct 152 of the bow thruster 150 of the boat
10, the vorticity of the sink vortex S1 generated on the
right and left sides of the duct 152 can be attenuated. As
aresult, itis possible to suppress the reductionin maneu-
verability of the hull 200 during lateral movement that
would occur when the propulsion force F2 generated by
the bow thruster 150 is reduced due to the generation of
the sink vortex S1 near the duct 152.
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[0062] In this embodiment, the lowest end of the first
plate 300 is located above the propeller rotation axis L
(see FIG. 3). Thus, for example, compared to a configu-
ration in which the first plate 300 extends from the entire
circumference of the duct 122, this embodiment can re-
duce the weight of the electric propulsor 110 while sup-
pressing the reduction in maneuverability of the hull 200
caused by the sink vortex.

[0063] In this embodiment, the first plate 300 is sym-
metrical with respect to the propeller rotation axis L when
viewed in the upper-lower direction (see FIGS. 5 and 6).
Thus, for example, compared to a configuration in which
the first plate 300 is asymmetrically shaped, the electric
propulsor 110 can be suppressed from being subjected
to unequal left-right forces due to left-right flow variations
in the vicinity of the duct 122.

[0064] In this embodiment, the first plate 300 is curved
along the circumferential direction of the duct 122 (see
FIGS. 3, 5, and 6). Thus, for example, compared to a
configuration in which the first plate 300 is flat, the first
plate 300 does not disturb the wing-like connection of the
duct 122 and also has excellent attachability to the duct
122, and the strength of the first plate 300 can be im-
proved while suppressing the reduction in maneuvera-
bility of the hull 200 caused by the sink vortex. In addition,
for example, compared to a configuration in which the
first plate 300 is flat, the first plate 300 is less likely to
obstruct the flow of water along the duct 122. Therefore,
itis possible to suppress the reduction in maneuverability
of the hull 200 due to the presence of the first plate 300.
[0065] In this embodiment, the plurality of holes 322
formed in the first plate 300 are slits that extend along
the propeller rotation axis L. Therefore, for example, com-
pared to a configuration in which the holes 322 are slits
extending in a direction that intersects the propeller ro-
tation axis L, the holes 322 are less likely to obstruct the
flow of water along the duct 122. Therefore, it is possible
to suppress the reduction in maneuverability of the hull
200 due to the presence of the holes 322. In addition,
compared to a plate in which, instead of the slit, a plurality
of small holes are formed side by side in an area corre-
sponding to the entire length of the slit, the number of
steps required for the manufacturing process of the plate
can be reduced because fewer steps are required to open
the holes.

[0066] In this embodiment, the plurality of holes 322
are arranged symmetrically with respect to the propeller
rotation axis L when viewed in the upper-lower direction
(see FIGS. 5 and 6). This can suppress the electric pro-
pulsor 110 from being subjected to uneven left-right forc-
es, e.g., due to variations in the arrangement of the plu-
rality of holes 322.

[0067] Inthis embodiment, the separation distance D2
between two holes 322 (slits) adjacent to each other is
wider than the opening width D1 of each hole in the align-
ment direction of the two holes 322 (circumferential di-
rection of the duct 122) (see FIG. 5). Therefore, the vor-
tices dispersed by the 1/2 holes 322 adjacent to each
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other can merge again after the passage of each hole
322 to form a large vortex, and as a result, the reduction
in maneuverability of the hull 200 during lateral move-
ment can be suppressed.

[0068] In this embodiment, the fixing portion 310 is
fixed to the outer surface of the duct 122 at a first fixing
position 312 and a second fixing position 314 (see FIGS.
5 and 6). The first fixing position 312 and the second
fixing position 314 are displaced from each other in the
direction along the propeller rotation axis L of the duct
122 as well as in the circumferential direction of the duct
122. Thus, for example, compared to a configuration in
which all fixing positions are located on the same circle,
the strength of the first plate 300 against the downward
force due to the sink vortex can be improved.

[0069] The embodiments described above can be
modified into various forms. In particular, it is referred to
the following modifications.

[0070] The configuration of the boat 10, the boat pro-
pulsion system 100, and the plates 300, 350 in the above
embodiment is only an example and can be modified in
various ways. For example, in the above embodiment,
the boat propulsion system 100 is provided with a plurality
of electric propulsors 110 and the bow thruster 150, but
it may be configured with one or three or more electric
propulsors 110 or without the bow thruster 150.

[0071] Inthe above embodiment, the electric propulsor
110 is illustrated as the boat propulsor, but the boat pro-
pulsor may be an outboard motor, an inboard motor, an
inboard/outboard motor, or a jet propulsor. The drive
source for these outboard motors or the like may be an
electricmotor or aninternal combustion engine. The elec-
tric propulsor 110 may also be configured without the
stator fin 133. In the above embodiment, the bow thruster
150 located near the bow 204 of the hull 200 is illustrated
as the boat propulsor, but the boat propulsor may be a
side thruster located at a position other than the bow 204
(e.g., near the stern 202).

[0072] Inthe above embodiment, a rim-drive type con-
figuration with the electric motor 134 built into the duct
122 is illustrated as the rotation mechanism. Alternative-
ly, the rotation mechanism may include a drive source
provided outside the duct 122 and a transmission mech-
anism that transmits the power of the drive source to the
propeller 132.

[0073] Inthe above embodiment, the first plate 300 is
a part separate from the duct 122. Alternatively, the first
plate 300 may be configured as an integral part of the
duct 122. Similarly, the second plate 350 may be in a
configuration integrally formed with the duct 152.
[0074] Although the first plate 300 (protruding portion
320) s configured to be located at a position correspond-
ing to the upper portion of the duct 122, the first plate 300
may also be configured to be located over the entire cir-
cumference of the duct 122. In other words, the first plate
300 (protruding portion 320) need only be disposed at a
position corresponding at least to the upper portion of
the duct 122. Preferably, the upper portion of the duct
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122 is provided in the counterclockwise direction from 45
degrees or 60 degrees to 90 degrees with respect to a
reference line (not shown) extending upwardly from the
propeller rotation axis L of the duct 122 and in the clock-
wise direction from 45 degrees or 60 degrees to 90 de-
grees with respect to the reference line, for example.
[0075] The holes 322 formed in the first plate 300 and
the holes 352 formed in the second plate 350 as slits
extending along the propeller rotation axis L. Alternative-
ly, the holes can be slits intersecting (e.g., orthogonally
intersecting) the propeller rotation axis L, triangular slits
having an opening width wider toward the protruding end
of the plate, or round holes or rectangular holes, among
others. The plurality of holes 322, 352 formed in each
plate 300, 350 may be of the same shape and size as
each other but may also include a plurality of holes that
differ from each other in at least one of shape and size,
or may be arranged in an uneven pattern. The minimum
opening width in each of the holes 322, 352 (opening
width D1 described above) is preferably narrower than
the separation distance from the nearest other hole (sep-
aration distance D2 described above) but may be equal
to or wider than the separation distance. The minimum
opening width in each hole 322, 352 (opening width D1
above) is preferably wider than the thickness of each
plate 300, 350 but may be narrower than the thickness
of each plate 300, 350. Furthermore, in the above em-
bodiment, at least some of the plurality of holes 322
formed in the first plate 300 may not satisfy at least some
of the conditions in (1) to (5) described above.

[0076] The first plate 300 is formed to have a curved
shape. Alternatively, the plate may be formed flat as a
whole. The right portion and left portion of the first plate
300 may be asymmetrical in shape relative to the pro-
peller rotation axis L when viewed in the upper-lower di-
rection.

[0077] The fixing portion 310 of the first plate 300 may
be fixed to the duct 122 by a fixing method (e.g., welding)
other than the fastening member mentioned above. The
fixing portion 310 may be fixed to the inner surface side
of the duct 122. The protruding portion 320 of the first
plate 300 may be provided to protrude not only to the
rear side of the duct 122 but also to the front side of the
duct 122.

[0078] Although the second plate 350 (protruding por-
tion 370) is configured to be located at a position corre-
sponding to the upper portion of the duct 152, the second
plate 350 may also be configured to be located over the
entire circumference of the duct 152. In other words, the
second plate 350 (protruding portion 370) need only be
disposed at a position corresponding at least to the upper
portion of the duct 152. Preferably, the upper portion of
the duct 152 is provided in the counterclockwise direction
from 60 degrees to 90 degrees with respect to a reference
line (not shown) extending upwardly from the propeller
rotation axis M of the duct 152 and in the clockwise di-
rection from 60 degrees to 90 degrees with respect to
the reference line, for example.
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[0079] Thesecond plate 350is formedtohave acurved
shape. Alternatively, the plate may be formed flat as a
whole. The front portion and rear portion of the second
plate 350 may be asymmetrical in shape relative to the
propeller rotation axis M when viewed in the upper-lower
direction.

Claims

1. Aplate (300, 350) configured to be provided ata duct
(122, 152) of aboat propulsor (110) wherein the plate
(300, 350) is provided with a plurality of holes (322,
352) formed therein, and configured to extend in an
axially direction from the duct (122, 152) having a
propeller (132, 154) is disposed in the duct (122,
152) and rotatable about a rotation axis (L) along the
axial direction.

2. The plate (300, 350) according to claim 1, wherein
the plate (300, 350) is symmetrical in shape with re-
gard to the axial direction.

3. Theplate (300, 350)accordingto claim 1 or 2, where-
in the plate (300, 350) is curved.

4. The plate (300, 350) according to any one of claims
1 to 3, wherein the plurality of holes (322, 352) in-
cludes a plurality of slits extending along a predeter-
mined direction.

5. The plate (300, 350) according to any one of claims
1 to 4, wherein the plurality of holes (322, 352) are
arranged symmetrically with regard to the axial di-
rection.

6. The plate (300, 350) according to any one of claims
1to 5, wherein the separation distance (D2) between
the two holes (322, 352) adjacent to each other is
wider than the opening width (D1) of each hole in
the alignment direction of the two holes (322, 352).

7. A boat propulsor (110), comprising:

a duct (122, 152);

a propeller (132, 154) disposed in the duct (122,
152) and rotatable around a rotation axis (L)
along the axial direction of the duct (122, 152);
and

a rotation mechanism (134) to rotate the propel-
ler (132, 154), wherein

the upper portion of the duct (122, 152) is pro-
vided with a plate (300, 350) according to atleast
one of the claims 1 to 6 extending from the duct
(122, 152) in the axial direction and having the
plurality of holes (322, 352) formed therein.

8. The boat propulsor (110) according to claim 7,
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10.

1.

12.

13.

14.

15.

wherein the plate (300, 350) is entirely located atone
side with regard to the rotation axis (L).

The boat propulsor (110) according to claim 2,
wherein the plate (300, 350) is symmetrical with re-
spect to the rotation axis (L).

The boat propulsor (110) according to any one of
claims 7 to 9, wherein the plate (300, 350) is curved
along the circumferential direction of the duct (122,
152).

The boat propulsor (110) according to any one of
claims 7 to 10, wherein the plurality of holes (322,
352) includes a plurality of slits extending along the
axial direction of the duct (122, 152).

The boat propulsor (110) according to any one of
claims 7 to 11, wherein the plurality of holes (322,
352) are arranged symmetrically with respect to the
rotation axis (L).

The boat propulsor (110) according to any one of
claims 7 to 12, wherein the plate (300, 350) is a sep-
arate part from the duct (122, 152), and

the plate (300, 350) is fixed to the outer surface of
the duct (122, 152) at a first fixing position (312) and
a second fixing position (314) that is displaced from
the first fixing position (312) in both the axial and
circumferential directions of the duct (122, 152).

A boat, comprising:

a hull (200); and
a boat propulsor (110) according to any one of
claims 7 to 13.

The boat according to claim 15, wherein an upper
portion of the duct (122, 152) is provided with the
plate (300, 350) according to at least one of the
claims 1 to 6.
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