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(54) STEERING GEAR FOR BOAT

(57) A steering gear for a boat (10) includes a steer-
ing mechanism (31, 71) that moves a rudder, and a driv-
ing source. The steering mechanism (31, 71) has: a hous-
ing (40, 80) that is fixed to a hull (10a); an output shaft
(44) that is rotatably supported by the housing (40, 80);
a first conversion mechanism that is provided inside the

housing (40, 80) and converts power from the driving
source into rotation of the output shaft (44); and a second
conversion mechanism that is provided outside the hous-
ing (40, 80) and converts rotation of the output shaft (44)
into motion of the rudder.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a steering gear
for a boat.

2. Description of Related Art

[0002] Examples of existing steering gears for boats
include the one described in Japanese Patent Application
Publication No. 2010-143413 (JP 2010-143413 A). This
steering gear has a steering mechanism (turning mech-
anism) and a controller. The steering mechanism causes
an outboard motor that is supported at the stern of a hull
so as to be able to rotate around a steering shaft to swing
leftward or rightward relatively to an advancing direction
of the hull. The controller controls operation of the steer-
ing mechanism according to manipulation of a steering
wheel provided in the cockpit of the hull.
[0003] The steering mechanism has a pair of left and
right support members provided at the stern, a ball screw
shaft, a ball screw nut, and a steering motor. The ball
screw shaft is coupled between the two support mem-
bers. The ball screw nut is screwed on the ball screw
shaft. The steering motor has a housing that rotatably
houses the ball screw nut, and a stator that is fixed inside
the housing. As a current is applied to the stator, the ball
screw nut serving as a rotor rotates.
[0004] The housing is provided with a steering arm that
extends toward the outboard motor. The steering arm is
rotatably coupled to a first end of a steering bracket that
is coupled to the outboard motor through a coupling pin.
The steering bracket is rotatably supported at a second
end by the steering shaft provided at the stern.
[0005] When the ball screw nut is driven to rotate by
the steering motor, the ball screw nut moves integrally
with the housing leftward or rightward along the ball screw
shaft. This causes the steering bracket coupled to the
steering arm to swing leftward or rightward around the
steering shaft. As a result, the outboard motor coupled
to the steering bracket is steered leftward or rightward.

SUMMARY OF THE INVENTION

[0006] To steer the outboard motor, the steering gear
of JP 2010-143413 A moves the housing along with the
ball screw nut leftward or rightward along the ball screw
shaft. This makes it necessary to secure in the hull a
space in which the housing can move. It is also necessary
to remove interfering objects from a moving path of the
housing. Thus, there is room for improvement in terms
of the efficiency with which the steering mechanism is
mounted on a hull.
[0007] The present invention provides a steering gear
for a boat of which a steering mechanism can be more

efficiently mounted on a hull.
[0008] A steering gear for a boat according to an aspect
of the present invention includes a steering mechanism
that moves a rudder provided at the stern of the boat,
and a driving source of the steering mechanism. The
steering mechanism has: a housing that is fixed to a hull;
an output shaft that is rotatably supported by the housing;
a first conversion mechanism that is provided inside the
housing and converts power from the driving source into
rotation of the output shaft; and a second conversion
mechanism that is provided outside the housing and con-
verts rotation of the output shaft into motion of the rudder.
[0009] There is an existing configuration of a steering
gear for a boat in which a housing of a steering mecha-
nism is movably provided in the hull and movement of
this housing is used to move a rudder. However, employ-
ing this configuration requires securing in the hull a space
in which the housing can move. In this respect, the above
steering gear for a boat moves the rudder of the boat by
simply rotating the output shaft of the steering mecha-
nism, and therefore the housing of the steering mecha-
nism is fixed to the hull. Thus, it is not necessary to secure
in the hull a space in which the housing can move. As a
result, the steering mechanism can be more efficiently
mounted on the hull.
[0010] In the above aspect, the first conversion mech-
anism may have: a ball screw shaft that is rotatably sup-
ported inside the housing and rotates as the driving
source operates; a ball screw nut that is screwed on the
ball screw shaft through a plurality of balls and has rack
teeth provided on an outer circumferential surface along
an axial direction; and a sector gear that is integrally ro-
tatably coupled to the output shaft and meshes with the
rack teeth of the ball screw nut so as to swing around the
output shaft as the ball screw nut moves in the axial di-
rection.
[0011] This configuration can convert power from the
driving source into rotation of the output shaft through
the ball screw shaft, the ball screw nut, and the sector
gear. In the above aspect, the driving source may be a
motor. This configuration can meet a request for motor-
ization of the steering mechanism.
[0012] In the above aspect, the driving source may be
a motor, and the steering gear may have a speed reducer
that reduces the speed of rotation of the motor and trans-
mits the rotation at a reduced speed to the ball screw
shaft. In this configuration, a torque from the motor is
increased according to the reduction ratio of the speed
reducer, so that a larger torque according to the reduction
ratio of the speed reducer is transmitted to the ball screw
shaft. Therefore, the rudder can be more reliably moved.
[0013] In the above aspect, the steering gear may fur-
ther include a control valve that, on the assumption that
the driving source is an electrically powered pump that
discharges a hydraulic fluid, and that the ball screw nut
is slidably provided in the housing, with the inside of the
housing being divided by the ball screw nut into two fluid
chambers, controls supply or discharge of the hydraulic
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fluid to or from the two fluid chambers. The control valve
may move the ball screw nut as a piston along the axial
direction by selectively supplying the hydraulic fluid dis-
charged from the electrically powered pump to one of the
two fluid chambers according to manipulation of a steer-
ing wheel that is manipulated to change the direction of
the hull. In this case, the control valve may move the ball
screw nut as a piston along the axial direction by selec-
tively supplying the hydraulic fluid discharged from the
electrically powered pump to one of the two fluid cham-
bers according to manipulation of a steering wheel that
is manipulated to change the direction of the hull.
[0014] In this configuration, the hydraulic fluid from the
electrically powered pump is selectively supplied to one
of the two fluid chambers according to manipulation of
the steering wheel, so that a difference in pressure occurs
between the two fluid chambers. The ball screw nut func-
tioning as a piston is pressed along the axial direction
thereof according to this difference in pressure, and thus
the ball screw nut is moved along the ball screw shaft.
This movement of the ball screw nut is converted into
rotation of the output shaft through the sector gear.
[0015] In the above aspect, the rudder may be an out-
board motor that is provided as a propulsion unit of the
boat on the outer side of the stern so as to be able to
rotate around a pivot shaft and functions also as the rud-
der of the boat by rotating around the pivot shaft.
[0016] In the above aspect, the rudder may be provided
separately from a propulsion unit of the boat on the outer
side of the stern so as to be able to rotate around a support
shaft. In the above aspect, power transmission between
the rudder and a steering wheel that is manipulated to
change the direction of the hull may be isolated.
[0017] In the above aspect, the rudder may be coupled
to a steering wheel that is manipulated to change the
direction of the hull, and the driving source may generate
an assisting force that assists in moving the rudder
through manipulation of the steering wheel.
[0018] These aspects allow the steering mechanism
to be more efficiently mounted on a hull.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a plan view of a boat on which a first em-
bodiment of a steering gear for a boat is mounted;
FIG. 2 is a side view of an outboard motor in the first
embodiment;
FIG. 3 is a plan view of a steering actuator in the first
embodiment;
FIG. 4 is a sectional plan view of the steering actuator
in the first embodiment;
FIG. 5 is a plan view showing a main part of the

steering actuator in the first embodiment;
FIG. 6 is a plan view of a boat on which a second
embodiment of a steering gear for a boat is mounted;
FIG. 7 is a sectional plan view of a steering actuator
in the second embodiment;
FIG. 8 is a schematic view showing the configuration
of a power transmission mechanism between a
steering wheel and the steering actuator in the sec-
ond embodiment;
FIG. 9 is a plan view showing a main part of a steering
actuator in another embodiment;
FIG. 10 is a plan view showing a main part of a steer-
ing actuator in another embodiment; and
FIG. 11 is a perspective view showing an inboard
motor of a boat in another embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

First Embodiment

[0020] A first embodiment of a steering gear for a boat
will be described below. As shown in FIG. 1, a boat 10
is provided with an outboard motor 12, a steering actuator
13 as a steering gear, a steering wheel 14, and a con-
troller 15.
[0021] The outboard motor 12 is provided at the stern
of a hull 10a. The outboard motor 12 is one example of
a propulsion unit of the boat 10 and has an engine 12a
and a propeller 12b that is driven to rotate by the engine
12a. The outboard motor 12 is capable of swinging left-
ward and rightward relatively to an advancing direction
of the boat 10. By swinging leftward and rightward, the
outboard motor 12 functions also as the rudder of the
boat 10.
[0022] The steering actuator 13 causes the outboard
motor 12 to swing leftward or rightward relatively to the
advancing direction of the boat 10. As the outboard motor
12 swings leftward or rightward, the advancing direction
of the boat 10 changes. The steering wheel 14 is provided
in the cockpit of the boat 10. The steering wheel 14 is
rotatably supported by the hull 10a through a steering
shaft 16. The steering shaft 16 is provided with a rotation
angle sensor 17. The rotation angle sensor 17 detects a
rotation angle of the steering shaft 16 as a steering angle
θ that is a rotation angle of the steering wheel 14.
[0023] The controller 15 controls operation of the steer-
ing actuator 13 according to the steering angle θ detected
through the rotation angle sensor 17. Output of the engine
12a is controlled by another controller that is provided
separately from the controller 15.
[0024] Next, a coupling structure of the hull 10a and
the outboard motor 12 will be described. As shown in
FIG. 2, the outboard motor 12 has a swivel bracket 21,
a pivot shaft 22, and a steering bracket 23.
[0025] The swivel bracket 21 couples the outboard mo-
tor 12 to the hull 10a. The swivel bracket 21 is composed
of a first coupling part 21a and a second coupling part
21b and has an L-shape as a whole. The first coupling
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part 21a extends along a front-rear direction of the hull
10a (a left-right direction in FIG. 2). The second coupling
part 21b extends along an up-down direction of the hull
10a. The first coupling part 21a is mounted between two
clamp brackets 24 (see FIG. 1) that are provided at the
stern of the hull 10a. The steering actuator 13 is installed
on an upper surface of the first coupling part 21a. The
second coupling part 21b is provided with a through-hole
21c that extends along the up-down direction of the hull
10a.
[0026] The pivot shaft 22 forms the center of swinging
of the outboard motor 12. The pivot shaft 22 is inserted
into the through-hole 21c of the second coupling part 21b
of the swivel bracket 21. The pivot shaft 22 is capable of
rotating relatively to the swivel bracket 21. An upper end
of the pivot shaft 22 protrudes from an upper portion of
the second coupling part 21b of the swivel bracket 21.
The upper end of the pivot shaft 22 is coupled to the
steering actuator 13 through the steering bracket 23. A
part of the pivot shaft 22 that is located between the steer-
ing bracket 23 and the swivel bracket 21 is fixed to a case
12c of the outboard motor 12 through a bracket 25. A
lower end of the pivot shaft 22 protrudes from a lower
portion of the swivel bracket 21. The lower end of the
pivot shaft 22 is fixed to the case 12c of the outboard
motor 12 through a bracket 26. Each of the two brackets
25, 26 is fixed to the pivot shaft 22. Rotation of the pivot
shaft 22 relative to the brackets 25, 26 is restricted, so
that the outboard motor 12 can rotate around the pivot
shaft 22 relatively to the swivel bracket 21.
[0027] Next, the configuration of the steering actuator
13 will be described in detail. As shown in FIG. 3, the
steering actuator 13 has a steering mechanism 31, a
speed reducer 32, a motor 33 as a driving source, and a
rotation angle sensor 34. As the steering mechanism 31,
a so-called recirculating-ball steering (RBS) gear is used.
The motor 33 and the rotation angle sensor 34 are cou-
pled to the steering mechanism 31 through the speed
reducer 32.
[0028] As shown in FIG. 4, the steering mechanism 31
has a housing 40. Inside the housing 40 are provided a
ball screw shaft 41, a ball screw nut 42, a plurality of balls
43, a sector shaft 44 as an output shaft, and a sector
gear 45. The ball screw shaft 41 is rotatably supported
by the housing 40 through two bearings 46, 47. The ball
screw nut 42 is screwed on the ball screw shaft 41 through
the balls 43 that are capable of circulation. The ball screw
nut 42 has rack teeth 42a provided on an outer circum-
ferential surface along an axial direction thereof. The sec-
tor shaft 44 extends along a direction orthogonal to an
axis of the ball screw nut 42 (a direction orthogonal to
the sheet of FIG. 4). The sector shaft 44 is rotatably sup-
ported by the housing 40 through a bearing (not shown).
The sector gear 45 is integrally rotatably provided on the
sector shaft 44. Teeth 45a of the sector gear 45 mesh
with the rack teeth 42a of the ball screw nut 42.
[0029] As shown in FIG. 3, an upper end portion of the
sector shaft 44 is exposed outside the housing 40. A lever

48 is fixed at a first end thereof to the upper end portion
of the sector shaft 44. A link 49 is rotatably supported at
a first end thereof by a second end of the lever 48. The
steering bracket 23 provided on the outboard motor 12
is rotatably supported at an end thereof on the opposite
side from the pivot shaft 22 by a second end of the link 49.
[0030] As shown in FIG. 4, the speed reducer 32 has
a housing 50. The housing 50 is coupled to the housing
40 of the steering mechanism 31. The housings 40, 50
communicate with each other on an inside. The motor
33 is mounted on an outer side of the housing 50. An
output shaft 33a of the motor 33 extends in a direction
orthogonal to an axis of the ball screw shaft 41. The output
shaft 33a of the motor 33 extends through a peripheral
wall of the housing 50 and is inserted into the housing
50. The rotation angle sensor 34 is mounted at a part of
the housing 50 on the opposite side from the steering
mechanism 31.
[0031] Inside the housing 50 are provided a shaft 51,
a worm wheel 52, and a worm 53. The shaft 51 is rotatably
supported by the housing 50 through two bearings 54,
55. The shaft 51 is integrally rotatably coupled at a first
end thereof (a left end in FIG. 4) to the ball screw shaft
41. The shaft 51 is rotatably supported at a second end
thereof (a right end in FIG. 4) by a case that houses a
detection element of the rotation angle sensor 34. The
rotation angle sensor 34 detects a rotation angle of the
shaft 51. The worm wheel 52 is integrally rotatably pro-
vided on the shaft 51. The worm 53 is integrally rotatably
provided on the output shaft 33a of the motor 33. The
worm 53 meshes with the worm wheel 52.
[0032] Next, the operation of the steering actuator 13
will be described. The controller 15 executes steering
control that steers the outboard motor 12 according to
an amount of manipulation of the steering wheel 14 by
controlling driving of the motor 33. The controller 15 cal-
culates a target value for an amount of steering of the
outboard motor 12 based on the steering angle θ of the
steering wheel 14 that is detected through the rotation
angle sensor 17. Further, the controller 15 calculates an
amount of steering of the outboard motor 12 based on a
rotation angle of the shaft 51 that is detected through the
rotation angle sensor 34. Then, the controller 15 obtains
the difference between the target value for the amount
of steering of the outboard motor 12 and the actual
amount of steering of the outboard motor 12, and controls
power supply to the motor 33 so as to eliminate this dif-
ference. Alternatively, the controller 15 may control pow-
er supply to the motor 33 based on, instead of the amount
of steering of the outboard motor 12, a rotation angle of
the sector shaft 44 that is one of state variables that reflect
the amount of steering of the outboard motor 12.
[0033] As shown in FIG. 4, rotation of the motor 33 is
transmitted to the ball screw shaft 41 through the speed
reducer 32. As the ball screw shaft 41 turns, the ball screw
nut 42 moves along the axial direction of the ball screw
shaft 41. As the ball screw nut 42 moves, the sector gear
45 meshing with the rack teeth 42a swings leftward or
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rightward around the sector shaft 44. As the sector gear
45 swings, the sector shaft 44 rotates in the same direc-
tion as the direction of swinging of the sector gear 45,
according to the amount of swinging of the sector gear 45.
[0034] As shown in FIG. 5, as the sector shaft 44 ro-
tates, the lever 48 swings leftward or rightward around
the sector shaft 44. For example, when the sector shaft
44 rotates in a counterclockwise direction, the lever 48
rotates in the counterclockwise direction around the sec-
tor shaft 44. In response, the link 49 tries to rotate in a
clockwise direction around a joint to the lever 48. As the
link 49 rotates in the clockwise direction, the steering
bracket 23 rotates in the counterclockwise direction
around the pivot shaft 22. Since the pivot shaft 22 is fixed
to the steering bracket 23, as the steering bracket 23
rotates in the counterclockwise direction, a torque direct-
ed in the counterclockwise direction is applied to the pivot
shaft 22. Since the pivot shaft 22 is fixed to the case 12c
of the outboard motor 12, as the pivot shaft 22 rotates in
the counterclockwise direction, the outboard motor 12
rotates in the counterclockwise direction around the pivot
shaft 22.
[0035] When the sector shaft 44 rotates in the clock-
wise direction, the steering bracket 23 rotates in the
clockwise direction around the pivot shaft 22 through the
sector gear 45, the lever 48, and the link 49 in a manner
similar to that when the sector shaft 44 rotates in the
counterclockwise direction, so that a torque directed in
the clockwise direction is applied to the pivot shaft 22.
As the pivot shaft 22 rotates in the clockwise direction,
the outboard motor 12 rotates in the clockwise direction
around the pivot shaft 22.
[0036] The ball screw shaft 41, the ball screw nut 42,
and the balls 43 compose a ball screw mechanism. The
ball screw mechanism (41 to 43) and the sector gear 45
compose a first conversion mechanism that converts
power from the motor 33 that is the driving source of the
steering actuator 13 into rotation of the sector shaft 44
that is the output shaft. The lever 48 and the link 49 com-
pose a second conversion mechanism that converts ro-
tation of the sector shaft 44 that is the output shaft into
steering motion of the outboard motor 12.

Advantages of Embodiment

[0037] The embodiment can offer the following advan-
tages: (1) The steering mechanism 31 converts rotation
of the motor 33 into rotation of the sector gear 45, and
transmits the rotation of the sector gear 45 as a torque
for the pivot shaft 22 of the outboard motor 12. There is
an existing configuration in which a housing of a steering
mechanism is provided in a hull so as to be able to move
along with a ball screw nut and this movement of the
housing is used to steer an outboard motor. However,
employing this configuration requires securing in the hull
a space in which the housing can move. In this respect,
the steering mechanism 31 of the embodiment steers the
outboard motor 12 by simply rotating the sector shaft 44.

The housing 40 of the steering mechanism 31 need not
be moved relatively to the hull 10a and is therefore fixed
to the hull 10a. Thus, it is not necessary to secure in the
hull 10a a space in which the housing 40 of the steering
mechanism 31 can move. As a result, the steering mech-
anism 31 can be more efficiently mounted on the hull 10a.
[0038] (2) Rotation of the sector gear 45 is transmitted
to the pivot shaft 22 that is the center of rotation of the
outboard motor 12 through the sector shaft 44, the lever
48, the link 49, and the steering bracket 23. Since the
outboard motor 12 rotates around the pivot shaft 22, a
torque for turning the outboard motor 12 can be efficiently
applied to the pivot shaft 22. While a configuration is also
conceivable in which, as described above, linear motion
of a housing of a steering mechanism is converted into
rotary motion of an outboard motor around a pivot shaft,
employing this configuration may reduce the efficiency
of torque transmission to the pivot shaft 22 compared
with employing the steering mechanism 31 of the em-
bodiment.
[0039] (3) The steering actuator 13 employs the con-
figuration in which rotation of the sector gear 45 is trans-
mitted to the pivot shaft 22 that is the center of rotation
of the outboard motor 12 through the sector shaft 44, the
lever 48, the link 49, and the steering bracket 23. This
configuration involves fewer wasteful actions in the steer-
ing mechanism 31 compared with the aforementioned
configuration in which linear motion of a housing of a
steering mechanism is converted into rotary motion of a
pivot shaft. Moreover, this configuration allows the rang-
es of movement of the lever 48 and the link 49 that move
in conjunction with the sector gear 45 to be set narrower
than the range of movement of the housing of the steering
mechanism in the aforementioned case where the hous-
ing is linearly moved. Since it is not necessary to move
the lever 48 and the link 49 to a great extent, the instal-
lation space for the steering mechanism 31 can be set
smaller.
[0040] (4) The motor 33 is used as the driving source
of the steering mechanism 31. Thus, a request for mo-
torization of the steering actuator 13 can be met. More-
over, high responsiveness and a stable steering force
can be obtained regardless of the speed (low speed to
high speed) of the boat 10 and the environment (waves
and winds). For example, when a hydraulic pump driven
by an engine is used as the driving source of the steering
mechanism 31, the discharge amount of the hydraulic
pump and, by extension, a steering force applied to the
outboard motor 12 may vary according to the speed of
the boat 10 and the environment.
[0041] (5) Since the steering actuator 13 is motorized,
unlike when a hydraulic device is used as the driving
source of the steering mechanism 31, it is not necessary
to provide the hull 10a with hydraulic piping through which
a hydraulic fluid is supplied and discharged. Thus, the
configuration of the steering actuator 13 can be simpli-
fied. Moreover, eliminating the need for hydraulic piping
can save the space of the hull 10a.
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[0042] (6) The output shaft 33a of the motor 33 is cou-
pled to the ball screw shaft 41 of the steering mechanism
31 through the speed reducer 32. Thus, a torque from
the motor 33 is increased according to the reduction ratio
of the speed reducer 32, so that a larger torque according
to the reduction ratio is transmitted to the ball screw shaft
41. With the force required to steer the outboard motor
12 thus obtained, the outboard motor 12 can be more
reliably steered.

Second Embodiment

[0043] Next, a second embodiment of a steering gear
for a boat will be described. This embodiment is different
from the first embodiment in that a hydraulic steering ac-
tuator is used instead of an electrically powered steering
actuator.
[0044] As shown in FIG. 6, a boat 10 is provided with
an outboard motor 12, a steering wheel 14, a controller
15, and a hydraulic steering actuator 60. The steering
actuator 60 has an electrically powered pump 61 as a
driving source and a reservoir tank 62. Further, the steer-
ing actuator 60 has a steering mechanism 71 and a con-
trol valve 72 that are provided on a swivel bracket 21 at
the stern.
[0045] A hydraulic fluid is stored in the reservoir tank
62. The reservoir tank 62 is coupled to the electrically
powered pump 61 through an intake pipe 63. The elec-
trically powered pump 61 is coupled to a pump port of
the control valve 72 through a discharge pipe 64. The
tank port of the control valve 72 is connected to the res-
ervoir tank 62 through a discharge pipe 65.
[0046] The controller 15 controls the electrically pow-
ered pump 61 based on a steering angle θ that is detected
through a rotation angle sensor 17. As the electrically
powered pump 61 is driven, the hydraulic fluid inside the
reservoir tank 62 is supplied to the control valve 72
through the discharge pipe 64. The hydraulic fluid dis-
charged from the control valve 72 is returned to the res-
ervoir tank 62 through the discharge pipe 65.
[0047] Next, the configuration of the steering mecha-
nism 71 will be described in detail. As shown in FIG. 7,
the steering mechanism 71 has a housing 80. Inside the
housing 80 are provided a ball screw shaft 81, a ball
screw nut 82, a plurality of balls 83, a sector shaft 84, a
sector gear 85, and a closing member 86 having a shape
of a cylinder closed at one end.
[0048] The ball screw nut 82 is provided in the housing
80 (to be exact, a cylindrical part thereof) so as to be able
to slide in a direction along an axis of the ball screw nut
82. The ball screw nut 82 has rack teeth 82a provided
on an outer circumferential surface along an axial direc-
tion thereof.
[0049] The closing member 86 is tightly fitted into a
first end (a left end in FIG. 7) of the ball screw nut 82.
The closing member 86 moves integrally with the ball
screw nut 82. The ball screw shaft 81 is screwed into the
ball screw nut 82 through the balls 83 that are capable

of circulation. The first end (the left end in FIG. 7) of the
ball screw shaft 81 is inserted into the closing member
86. There is a predetermined clearance left between the
first end of the ball screw shaft 81 and a bottom wall of
the closing member 86. The ball screw nut 82 is capable
of moving relatively to the ball screw shaft 81 along the
axial direction of the ball screw shaft 81, within the range
of the clearance between the ball screw shaft 81 and the
bottom wall of the closing member 86. A second end (a
right end in FIG. 7) of the ball screw shaft 81 protrudes
from a second end (a right end in FIG. 7) of the ball screw
nut 82. The second end of the ball screw shaft 81 is cou-
pled to the control valve 72.
[0050] The sector shaft 84 extends in a direction or-
thogonal to an axis of the ball screw nut 82 (a direction
orthogonal to the sheet of FIG. 7). The sector shaft 84 is
rotatably supported by the housing 80 through a bearing
(not shown).
[0051] The sector gear 85 is integrally rotatably pro-
vided on the sector shaft 84. Teeth 85a of the sector gear
85 mesh with the rack teeth 82a of the ball screw nut 82.
An upper end portion of the sector shaft 84 is exposed
outside the housing 80. The steering bracket 23 is cou-
pled at an end thereof on the opposite side from the pivot
shaft 22 to the upper end portion of the sector shaft 84
through the lever 48 and the link 49 (see FIG. 2).
[0052] An inside of the housing 80 is divided by the ball
screw nut 82 and the closing member 86 into a first fluid
chamber 87 and a second fluid chamber 88. The first
fluid chamber 87 is located on the side of the control valve
72 with respect to the ball screw nut 82. The second fluid
chamber 88 is located on the opposite side from the con-
trol valve 72 with respect to the ball screw nut 82.
[0053] The first fluid chamber 87 and the second fluid
chamber 88 are supplied with the hydraulic fluid through
the control valve 72. As the hydraulic fluid from the elec-
trically powered pump 61 is selectively supplied to one
of the first fluid chamber 87 and the second fluid chamber
88 through the control valve 72, a difference in pressure
occurs between the first fluid chamber 87 and the second
fluid chamber 88. The ball screw nut 82 and the closing
member 86 are pressed along their respective axial di-
rections according to this difference in pressure, so that
the ball screw nut 82 and the closing member 86, func-
tioning as pistons, move along the ball screw shaft 81.
As the ball screw nut 82 moves, the sector gear 85 swings
leftward or rightward around the sector shaft 84. As the
sector gear 85 swings, the sector shaft 84 rotates in the
same direction as the direction of swinging of the sector
gear 85.
[0054] Next, the configuration of the control valve 72
will be described in detail. As shown in FIG. 7, the control
valve 72 has a housing 90. The housing 90 is coupled to
the housing 80 of the steering mechanism 71. Inside the
housing 90 are provided a hollow input shaft 91, a torsion
bar 92, an inner valve 93, and an outer valve 94.
[0055] The input shaft 91 extends through the housing
90. The input shaft 91 is rotatably supported by the hous-
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ing 90 through a bearing 95. A first end (a left end in FIG.
7) of the input shaft 91 is inserted into a recess 81a that
is provided as an insertion portion at the second end (the
right end in FIG. 7) of the ball screw shaft 81, such that
the input shaft 91 can rotate relatively to the ball screw
shaft 81. A rotation angle sensor 34 is provided at a sec-
ond end (a right end in FIG. 7) of the input shaft 91.
[0056] The torsion bar 92 extends through the input
shaft 91. The torsion bar 92 is fixed at a first end thereof
(a left end in FIG. 7) to a bottom of the recess 81a provided
at the second end (the right end in FIG. 7) of the ball
screw shaft 81. The torsion bar 92 is fixed at a second
end thereof (a right end in FIG. 7) to the second end (the
right end in FIG. 7) of the input shaft 91.
[0057] The inner valve 93 is provided inside the hous-
ing 90, on an outer circumference of the input shaft 91.
The outer valve 94 is provided on an inner circumference
of the housing 90. The torsion bar 92 is twisted according
to a torque applied to the input shaft 91, and the positional
relationship (relative angle) between the inner valve 93
and the outer valve 94 in a rotation direction changes
according to this twisting of the torsion bar 92. By using
this change in the positional relationship between the in-
ner valve 93 and the outer valve 94 in the rotation direc-
tion, the control valve 72 switches a flow passage of the
hydraulic fluid. Further, by forming a constriction accord-
ing to the difference between a rotation angle of the input
shaft 91, i.e., the inner valve 93, and a rotation angle of
the outer valve 94 (a valve operating angle), the control
valve 72 adjusts the flow rate of the hydraulic fluid sup-
plied to the first fluid chamber 87 and the second fluid
chamber 88.
[0058] The hydraulic fluid supplied from the electrically
powered pump 61 through the discharge pipe 64 is dis-
tributed to one of the first fluid chamber 87 and the second
fluid chamber 88 according to a shift in the relative angle
between the inner valve 93 and the outer valve 94. Here,
the electrically powered pump 61 and the first fluid cham-
ber 87 communicate with each other when the input shaft
91 rotates in a clockwise direction as seen from an axial
direction of the input shaft 91. On the other hand, the
electrically powered pump 61 and the second fluid cham-
ber 88 communicate with each other when the input shaft
91 rotates in a counterclockwise direction as seen from
the axial direction of the input shaft 91.
[0059] For example, when the hydraulic fluid is sup-
plied to the second fluid chamber 88, the ball screw nut
82 and the closing member 86 move toward the first fluid
chamber 87 under the pressure of the hydraulic fluid. As
the ball screw nut 82 moves, the hydraulic fluid inside
the first fluid chamber 87 is pushed out of the first fluid
chamber 87. The hydraulic fluid pushed out of the first
fluid chamber 87 is discharged to the reservoir tank 62
through the discharge pipe 65.
[0060] When the hydraulic fluid is supplied to the first
fluid chamber 87, the ball screw nut 82 and the closing
member 86 move toward the second fluid chamber 88
under the pressure of the hydraulic fluid. As the ball screw

nut 82 moves, the hydraulic fluid inside the second fluid
chamber 88 is pushed out of the second fluid chamber
88. The hydraulic fluid pushed out of the second fluid
chamber 88 is discharged to the reservoir tank 62 through
the discharge pipe 65.
[0061] In this way, supply or discharge of the hydraulic
fluid to or from the first fluid chamber 87 and the second
fluid chamber 88 is controlled according to the torque
applied to the input shaft 91, i.e., the rotation of the input
shaft 91. The input shaft 91 rotates in conjunction with
manipulation of the steering wheel 14. The following con-
figuration is an example of configurations employed to
transmit power from the steering wheel 14 to the input
shaft 91.
[0062] As shown in FIG. 8, a drive pulley 101 is inte-
grally rotatably provided on the steering shaft 16. An idler
pulley 102 is integrally rotatably provided on the input
shaft 91 of the control valve 72. The drive pulley 101 and
the idler pulley 102 are coupled together by two manip-
ulating cables 103, 104. As the drive pulley 101 rotates,
the idler pulley 102 and also the input shaft 91 rotate in
conjunction with the drive pulley 101.
[0063] First end portions of the two manipulating ca-
bles 103, 104 are led out in a direction intersecting an
axis of the drive pulley 101 in a state where the first end
portions are fixed to two side surfaces of the drive pulley
101 that face each other in an axial direction of the drive
pulley 101, and in a state where the manipulating cables
103, 104 are wound along a spiral groove, provided in
an outer circumferential surface of the drive pulley 101,
in directions toward each other.
[0064] As with the first end portions of the two manip-
ulating cables 103, 104, second end portions of the ma-
nipulating cables 103, 104 are led out in a direction in-
tersecting an axis of the idler pulley 102 in a state where
the second end portions of the manipulating cables 103,
104 are fixed to two side surfaces of the idler pulley 102
that face each other in an axial direction of the idler pulley
102, and in a state where the manipulating cables 103,
104 are wound along a spiral groove, provided in an outer
circumferential surface of the idler pulley 102, in direc-
tions toward each other.
[0065] To turn the boat 10, the steering wheel 14 is
manipulated, and the drive pulley 101 rotates in conjunc-
tion with manipulation of the steering wheel 14. As the
drive pulley 101 rotates, one of the two manipulating ca-
bles 103, 104 wound around the drive pulley 101 is pulled
while the other one is loosened. Thus, rotation of the
drive pulley 101 is transmitted to the idler pulley 102. As
the idler pulley 102 rotates, the input shaft 91 of the con-
trol valve 72 rotates in conjunction with the idler pulley
102, and as the input shaft 91 rotates, the sector gear 85
swings. This swinging of the sector gear 85 is transmitted
to the pivot shaft 22 through the sector shaft 84, the lever
48, the link 49, and the steering bracket 23, so that the
outboard motor 12 is steered.
[0066] Thus, the second embodiment can offer the
same advantages as the advantages (1) to (3) of the first

11 12 



EP 3 805 090 A1

8

5

10

15

20

25

30

35

40

45

50

55

embodiment. Further, the electrically powered pump 61
is used as the hydraulic pump. Therefore, the second
embodiment can also offer the same advantage as the
advantage (4) of the first embodiment, although it is nec-
essary to provide the hull 10a with hydraulic piping.

Other Embodiments

[0067] The first and second embodiments may be im-
plemented with the following changes made thereto. In
the first embodiment, the controller 15 is provided at an
appropriate position in the hull 10a, but the controller 15
may instead be integrally provided with the motor 33.
[0068] In the first embodiment, the worm speed reduc-
er having the worm 53 and the worm wheel 52 is used
as the speed reducer 32, but instead of this worm speed
reducer, a belt transmission mechanism may be used.
Specifically, as shown in FIG. 10, the motor 33 is mounted
on the housing 50 of the speed reducer 32 in such a
posture that the output shaft 33a thereof is parallel to the
shaft 51 of the speed reducer 32. A drive pulley 111 is
integrally rotatably provided on the output shaft 33a of
the motor 33. An idler pulley 112 is integrally rotatably
provided on the shaft 51 of the speed reducer 32. An
endless belt 113 is wrapped around both the drive pulley
111 and the idler pulley 112. Rotation of the motor 33 is
transmitted to the shaft 51 and further to the ball screw
shaft 41 through the drive pulley 111, the belt 113, and
the idler pulley 112.
[0069] In the second embodiment, the drive pulley 101,
the idler pulley 102, and the two manipulating cables 103,
104 are used as the configuration for transmitting power
from the steering wheel 14 to the input shaft 91 of the
control valve 72, but a motor may be used instead of
these parts. In this case, the output shaft of the motor
may be integrally rotatably coupled to the input shaft 91,
or may be coupled to the input shaft 91 through a speed
reducer, such as a worm speed reducer or a belt trans-
mission mechanism, so as to be able to transmit a torque
to the input shaft 91. The controller 15 controls power
supply to the motor according to the steering angle θ that
is detected through the rotation angle sensor 17. Since
the motor is used only to rotate the input shaft 91, a small-
er, lower-power motor can be adopted.
[0070] In the first and second embodiments, the con-
troller 15 may control not only the steering actuators 13,
60 but also the engine 12a of the outboard motor 12. In
the first and second embodiments, rotation of the sector
shaft 44 is transmitted to the steering bracket 23 through
the lever 48 and the link 49, but the following configuration
may instead be employed as the power transmission
mechanism between the sector shaft 44 and the steering
bracket 23.
[0071] As shown in FIG. 9, an interlocking shaft 44a is
provided at a position near a tooth 45a in an upper surface
of the sector gear 45 (a surface on the near side in the
sheet of FIG. 9). The interlocking shaft 44a is parallel to
the sector shaft 44. The interlocking shaft 44a swings

leftward and rightward around the sector shaft 44 in con-
junction with the sector gear 45. An upper end of the
interlocking shaft 44a extends through the housing 40 or
80 and is exposed outside the housing 40 or 80. The
upper end of the interlocking shaft 44a is slidably en-
gaged in a long hole 23a that is provided in the steering
bracket 23. Therefore, the steering bracket 23 swings
leftward or rightward around the interlocking shaft 44a in
conjunction with the sector gear 45. As a result, the out-
board motor 12 is steered leftward or rightward around
the pivot shaft 22. Thus, the lever 48 and the link 49 can
be omitted from the configuration of the steering actuator
13, and the configuration thereof can be thereby simpli-
fied.
[0072] In the first and second embodiments, the steer-
ing actuators 13, 60 are applied to the boat 10 that is
equipped with the outboard motor 12, but may instead
be applied, for example, to a boat 10 that has an inboard
motor. As shown in FIG. 11, an engine 12a as an inboard
motor is provided inside a hull 10a. Output of the engine
12a is transmitted to a propeller 12b through a propeller
shaft 121 that extends from the engine 12a toward the
stern. An end of the propeller shaft 121 on the opposite
side from the engine 12a extends through a bottom of
the hull 10a and is located outside the hull 10a. The pro-
peller 12b is integrally rotatably coupled to the end of the
propeller shaft 121 on the opposite side from the engine
12a. A rudder 122 is rotatably supported at the stern of
the hull 10a through a support shaft 123. A steering ac-
tuator 13 or 60 is provided near the stern of the hull 10a.
A lever 48 of the steering actuator 13 or 60 is coupled to
the support shaft 123 through two links 124, 125. The
link 124 extends in a left-right direction relative to an ad-
vancing direction of the boat 10. The link 125 extends
along a front-rear direction of the hull 10a. The link 124
is rotatably coupled at a first end thereof to the lever 48.
The link 124 is rotatably coupled at a second end thereof
that is an end on the opposite side from the lever 48 to
a first end of the link 125. The link 125 is fixed at a second
end thereof to the support shaft 123 of the rudder 122.
Thus, swinging of the lever 48 leftward or rightward
around a sector shaft 44 or 84 is converted into rotation
of the support shaft 123 through the two links 124, 125.
As the rudder 122 swings leftward or rightward around
the support shaft 123, the advancing direction of the boat
10 changes.
[0073] Alternatively, the steering actuators 13, 60 may
be applied to a boat 10 that is equipped with an inboard-
outdrive engine. In an inboard-outdrive engine, an engine
and a drive unit are integrated. In the drive unit, an out-
board propeller and a mechanism that transmits output
of the engine to the propeller are integrated. The engine
is provided onboard, near the stern. The drive unit is pro-
vided at the stern so as to protrude to an outside of the
boat. The drive unit is capable of swinging leftward and
rightward relatively to the hull 10a and functions also as
the rudder of the boat 10. The drive unit can be steered
by transmitting rotation of the sector shaft 44 or 84 of the
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steering mechanism 31 or 71 of the steering actuator 13
or 60 to the drive unit as a steering force for steering the
drive unit.
[0074] In the first embodiment, the steering gear for a
boat is implemented as the steering actuator 13 of steer-
by-wire type in which power transmission between the
steering wheel 14 and the outboard motor 12 is isolated,
but the steering gear may instead be implemented as a
power steering device that assists manual operation of
the outboard motor 12. In this case, the boat 10 can em-
ploy a configuration from which the steering wheel 14,
the steering shaft 16, and the rotation angle sensor 17
are omitted. As indicated by the long dashed double-
short dashed line in FIG. 2, a handle 12d extending to-
ward a front side of the hull 10a is integrally provided on
the case 12c of the outboard motor 12. A steerer manip-
ulates the handle 12d leftward or rightward to steer the
outboard motor 12. The outboard motor 12 or the handle
12d is provided with a torque sensor that detects a steer-
ing torque applied to the handle 12d. The controller 15
controls power supply to the motor 33 according to the
steering torque detected through the torque sensor. A
torque from the motor 33 is transmitted to the pivot shaft
22 as an assisting force through the speed reducer 32
and the steering mechanism 31 and assists steering of
the outboard motor 12 through the handle 12d. Alterna-
tively, the steering actuator 60 of the second embodiment
can be implemented as a power steering device. In this
case, the controller 15 controls power supply to the elec-
trically powered pump 61 according to the steering torque
that is detected through the torque sensor.

Claims

1. A steering gear for a boat (10), the steering gear
characterized by comprising:

a steering mechanism (31, 71) that moves a rud-
der provided at a stern of the boat (10); and
a driving source of the steering mechanism (31,
71), wherein

the steering mechanism (31, 71) has: a housing (40,
80) that is fixed to a hull (10a); an output shaft (44)
that is rotatably supported by the housing (40, 80);
a first conversion mechanism that is provided inside
the housing (40, 80) and converts power from the
driving source into rotation of the output shaft (44);
and a second conversion mechanism that is provid-
ed outside the housing (40, 80) and converts rotation
of the output shaft (44) into motion of the rudder.

2. The steering gear according to claim 1, character-
ized in that the first conversion mechanism has: a
ball screw shaft (41, 81) that is rotatably supported
inside the housing (40, 80) and rotates as the driving
source operates; a ball screw nut (42, 82) that is

screwed on the ball screw shaft (41, 81) through a
plurality of balls (43, 83) and has rack teeth (42a,
82a) provided on an outer circumferential surface
along an axial direction; and a sector gear (45, 85)
that is integrally rotatably coupled to the output shaft
(44) and meshes with the rack teeth (42a, 82a) of
the ball screw nut (42, 82) so as to swing around the
output shaft (44) as the ball screw nut (42, 82) moves
in the axial direction.

3. The steering gear according to claim 1 or 2, char-
acterized in that the driving source is a motor (33).

4. The steering gear according to claim 2, character-
ized in that:

the driving source is a motor (33); and
the steering gear has a speed reducer (32) that
reduces speed of rotation of the motor (33) and
transmits the rotation at a reduced speed to the
ball screw shaft (41, 81).

5. The steering gear according to claim 2, character-
ized by further comprising a control valve (72) that,
on the assumption that the driving source is an elec-
trically powered pump (61) that discharges a hydrau-
lic fluid, and that the ball screw nut (82) is slidably
provided in the housing (80), with an inside of the
housing (80) being divided by the ball screw nut (82)
into two fluid chambers, controls supply or discharge
of the hydraulic fluid to or from the two fluid cham-
bers, wherein the control valve (72) moves the ball
screw nut (82) as a piston along the axial direction
by selectively supplying the hydraulic fluid dis-
charged from the electrically powered pump (61) to
one of the two fluid chambers according to manipu-
lation of a steering wheel (14) that is manipulated to
change a direction of the hull (10a).

6. The steering gear according to any one of claims 1
to 5, characterized in that the rudder is an outboard
motor (12) that is provided as a propulsion unit of
the boat (10) on an outer side of the stern so as to
be able to rotate around a pivot shaft (22) and func-
tions also as the rudder of the boat (10) by rotating
around the pivot shaft (22).

7. The steering gear according to any one of claims 1
to 5, characterized in that the rudder is provided
separately from a propulsion unit of the boat (10) on
an outer side of the stern so as to be able to rotate
around a support shaft (123).

8. The steering gear according to any one of claims 1
to 7, characterized in that power transmission be-
tween the rudder and a steering wheel (14) that is
manipulated to change a direction of the hull (10a)
is isolated.
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9. The steering gear according to any one of claims 1
to 7, characterized in that:

the rudder is coupled to a steering wheel (14)
that is manipulated to change a direction of the
hull (10a); and
the driving source generates an assisting force
that assists in moving the rudder through ma-
nipulation of the steering wheel (14).
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