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(54) Steering system for a watercraft

(57)  The present invention relates to a steering sys-
tem for a watercraft, comprising: a rudder, in particular
an outboard motor (12); a steering device (16) including
an actuator, in particular an electric motor (20) configured
to change a direction in which the watercraft travels; a
steering amount input means, such as a steering wheel
(17), operable by an operator, electrically connected to
the actuator (20) to provide an actuation signal corre-
sponding to the amount of a steering operation to the
actuator (20); and control means (33) for controlling a
limit of a rudder deflection angle, the control means (33)
including at least one of operation status detection means
(38) for detecting an operation status corresponding to
the steering operation, running status detection means
(39) for detecting a running status of the watercraft, wa-
tercraft propulsion unit status recognition means (40) for
recognizing a status of a watercraft propulsion unit, such
as an outboard motor (12), such as the installation
number thereof, and actuator status detection means
(41) for detecting a status of the actuator (20); and rudder
deflection angle control means (42) for controlling a limit
rudder deflection angle based on the detection value from
the at least one of the detection and recognition means.
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Description

[0001] The presentinvention relates to a steering sys-
tem, and in particular to a watercraft steering device hav-
ing an electric actuator which is actuated as an operator
operates a steering wheel for rudder deflection, and par-
ticularly to a watercraft steering device which can control
a limit rudder deflection angle, and to a watercraft with
the steering device.

[0002] One conventional watercraft of this type is dis-
closed in Patent Document 1.

[0003] More specifically, Patent Document 1 discloses
that "the electric actuator of the steering device is actu-
ated as an operator operates the steering wheel. The
watercraftis steered in response to the operation amount
of the steering wheel. Further, an external force to the
watercraft is detected. Based on the detected external
force, a reaction torque is applied to the steering wheel.
Accordingly, the operator can feel the external force to
the watercraft due to a water current for example, directly
through the steering wheel, and thus can recognize the
movement of the watercraft corresponding to such ex-
ternal force to thereby act without delay."

Patent Document 1: JP-A-2005-254848

[0004] In such conventional watercrafts, a reaction
torque is applied to the steering wheel based on an ex-
ternal force to the watercraft. An operator can feel such
external force due to a water current for example, directly
through the steering wheel, and thus can recognize the
movement of the watercraft corresponding to the external
force to thereby act without delay. However, a load of
water pressure during the rudder deflection may be larger
when the rudder is returned than when the rudder is de-
flected, depending on a watercraft size. Thus, deflecting
the rudder overly could provide output from a steering
motor (electric actuator) lower than a required rudder de-
flection force when the rudder is returned, resulting in
impaired responsiveness and a poorer operation feel.
[0005] It should be noted that ruder deflection torque
characteristics required for rudder deflection (required
rudder deflection force characteristics) may change from
the state shown by required rudder deflection force char-
acteristic line Al to the state shown by required rudder
deflection force characteristic line A2, as shown in FIG.
7, depending on the characteristics of the watercraft, a
rudder deflection angle, an operation speed, or the like.
In such case, if a limit rudder deflection angle is invaria-
ble, a rudder deflection force required when the rudder
is returned after being deflected to a maximum position
may exceed the limit of the motor ability, resulting in im-
paired responsiveness and a poorer operation feel.
[0006] Further, as shown in FIG. 8, motor characteris-
tics depend on the surroundings such as temperature.
When the temperature becomes high for example, the
motor characteristics may change from the state shown
by motor characteristic line B1 (solid line in the figure) to
the state shown by motor characteristic line B2 (broken
line in the figure). In such case, since the motor charac-
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teristics at high temperatures provide lower motor torque,
a rudder deflection force required when the rudder is re-
turned after being deflected to the maximum position may
exceed the motor ability, resulting in impaired respon-
siveness and a poorer operation feel.

[0007] Inview of the foregoing problem, itis, therefore,
an object of the present invention to provide a steering
device which provides an operator with invariably excel-
lent efficiency and an excellent operation feel during rud-
der deflection, depending on a running status of the wa-
tercraft.

[0008] This objective is solved in an inventive manner
by a steering system for a watercraft, comprising: a rud-
der; a steering device including an actuator configured
to change a direction in which the watercraft travels; a
steering amount input means, operable by an operator,
electrically connected to the actuator to provide an actu-
ation signal corresponding to the amount of a steering
operation to the actuator; and control means for control-
ling a limit of a rudder deflection angle, the control means
including atleast one of operation status detection means
for detecting an operation status corresponding to the
steering operation, running status detection means for
detecting a running status of the watercraft, watercraft
propulsion unit status recognition means for recognizing
a status of a watercraft propulsion unit of the watercraft,
such as the installation number thereof, and actuator sta-
tus detection means for detecting a status of the actuator;
and rudder deflection angle control means for controlling
a limit rudder deflection angle based on the detection
value from the at least one of the detection and recogni-
tion means.

[0009] Preferably, the watercraft propulsion unit, in
particular arranged at a stern of the watercraft, is used
as the rudder.

[0010] Further, preferably the actuator configured to
change a direction in which the watercraft travels is an
electric actuator.

[0011]  still further, preferably the operation status de-
tection means includes at least one of rudder deflection
force detection means for detecting a rudder deflection
force required for rudder deflection, load detection means
for detecting a load to the rudder, steering operation de-
tection means for detecting a direction in which the rudder
is deflected, corresponding to a direction in which the
steering wheel is operated and/or the steering wheel op-
eration, and deviation detection means for detecting a
deviation of a detected actual rudder deflection angle
from a target rudder deflection angle corresponding to
the steering wheel operation.

[0012] Therein, it is beneficial if the running status de-
tection means includes at least one of weight detection
means for detecting at least one of a position of a water-
line and a weight of the watercraft, trim angle detection
means for detecting a trim angle of the watercraft, and
speed detection means for detecting at least one of a
speed, an acceleration, a deceleration and a propulsive
force of the watercraft, and an output of the watercraft
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propulsion unit.

[0013] Itisfurther beneficial if the watercraft propulsion
unit status recognition means includes operation storage
means for storing therein any one of pieces of information
on the installation number of the watercraft propulsion
unit, an installation position of the watercraft propulsion
unit relative to the watercraft, a rotational direction of a
propeller of the watercraft propulsion unit, a propeller
shape, a tab trim angle and a tab trim shape.

[0014] Preferably, the actuator status detection means
is an electric actuator status detection means, which in-
cludes temperature detection means for detecting atem-
perature of the electric actuator.

[0015] Further, preferably the actuator status detection
means is an electric actuator status detection means in-
cludes operating number detection means for detecting
the number of the electric actuator in operation.

[0016] According to a preferred embodiment, the
steering system further comprises: a reaction motor for
applying a reaction force to the steering wheel; and re-
action motor control means for increasing a reaction force
to the reaction motor as the rudder nearly achieves the
limit rudder deflection angle.

[0017] Preferably, the steering amount input means is
a steering wheel or a control lever, operable by an oper-
ator, electrically connected to the electric actuator to pro-
vide an actuation signal corresponding to the amount of
a steering input operation to the electric actuator.
[0018] According to another preferred embodiment,
the steering system further includes an electronic control
unit (ECU) for controlling a limit of a steering means de-
flection angle, the ECU including at least one of operation
status detection means for detecting an operation status
corresponding to a steering amount input means opera-
tion, running status detection means for detecting a run-
ning status of the watercraft, outboard motor status rec-
ognition means for recognizing a status of an outboard
motor, such as the installation number thereof, and elec-
tric motor status detection means for detecting a status
of an electric motor, and the ECU also including steering
means deflection angle control means for controlling a
limit steering means deflection angle based on the de-
tection value from the at least one of the means.

[0019] There is further provided a watercraft provided
with a steering system for a watercraft according to one
of the above embodiments.

[0020] In the following, the present invention is ex-
plained in greater detail with respect to several embodi-
ments thereof in conjunction with the accompanying
drawings, wherein:

FIG. 1 is a plan view of a watercraft in accordance
with an embodiment of the present teaching,
FIG. 2 is an enlarged plan view of a steering device

of the watercraft in accordance with the em-
bodiment of the present teaching,
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FIG. 3

FIG. 4

FIG.5

FIGs. 6

FIG. 7

FIG. 8

4

is a block diagram of the watercraft in accord-
ance with the embodiment of the present
teaching,

is a block diagram of an ECU in accordance
with the embodiment of the present teaching,

is a flowchart of a reaction control process in
accordance with the embodiment of the
present teaching,

are graphsillustrating the operation in accord-
ance with the embodiment of the present
teaching, in which FIG. 6(a) illustrates the re-
lationship between rudder deflection speeds
and rudder deflection forces; and FIG. 6(b)
illustrates the relationship between rudder de-
flection angles and rudder deflection forces,

is a graph of required rudder deflection force
characteristics, illustrating the relationship
between rudder deflection forces and rudder
deflection speeds, and

is a graph of motor characteristics, illustrating
the relationship between torques generated
by an electric motor and rotational speeds.

Description of Reference Numerals:

[0021]

10:
12:
16:
17:
20:
28:
29:
33:
38:
39:
40:

hull

outboard motor (watercraft propulsion unit)
steering device

steering wheel

electric motor

steering wheel operation angle sensor
reaction motor

ECU (control unit)

operation status detection means

running status detection means

outboard motor status recognition means (wa-

tercraft propulsion unit status recognition means)

41:

electric motor status detection means (electric

actuator status detection means)

42:
41:
44:
45:
46:
47:
48:
49:
50:
51:
52:
53:

rudder deflection angle control means
reaction motor control means

load detection means

deviation detection means

rudder deflection force detection means
steering operation detection means
weight detection means

trim angle detection means

speed detection means

operation storage means
temperature detection means
operating number detection means
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[0022] Anembodimentofthe presentteaching will now
be described.
[0023] FIGs. 1 to 6 illustrate the embodiment of the

present teaching.

[0024] The constitution of this embodiment will be first
described. Asshownin FIG. 1, awatercraftin accordance
with this embodiment has a hull 10 including a transom
11. To the transom 11, an outboard motor 12 as a "wa-
tercraft propulsion unit" is mounted via clamp brackets
13. The outboard motor 12 is pivotable about a swivel
shaft (steering pivot shaft) 14 extending in a vertical di-
rection. The outboard motor 12 serves as a rudder as it
pivots, and thus the direction in which the watercraft is
driven is changed.

[0025] A steering bracket 15 is fixed at the upper end
of the swivel shaft 14. The steering bracket 15 is coupled
at its front end 15a to a steering device 16. The steering
device 16 is driven by operating a steering wheel 17 dis-
posed in an operator’s section.

[0026] As shown in FIG. 2, the steering device 16 in-
cludes a DD (direct drive) electric motor 20 for example,
as an "electric actuator." The electric motor 20 is attached
to a threaded rod 21 extending in a width direction of the
watercraft, and is movable in the width direction of the
watercraft along the threaded rod 21.

[0027] The threaded rod 21 is supported at its both
ends by a pair of left and right supports 22. The supports
22 are supported by a tilt shaft 23.

[0028] The electric motor 20 has a coupling bracket 24
extending rearward. The coupling bracket 24 and the
steering bracket 15 are coupled with each other via a
coupling pin 25.

[0029] As aresult, as the electric motor 20 is actuated
to move in the width direction of the watercraft relative
to the threaded rod 21, the outboard motor 12 will pivot
about the swivel shaft 14 via the coupling bracket 24 and
the steering bracket 15.

[0030] Ontheotherhand,asshowninFIG.1,the steer-
ing wheel 17 is fixed to a steering wheel shaft 26. At the
proximal end of the steering shaft 26, there is provided
a steering wheel control unit 27. The steering wheel con-
trol unit 27 includes a steering wheel operation angle
sensor 28 for detecting an operation angle of the steering
wheel 17, and a reaction motor 29 for applying a desired
reaction force to the steering wheel 17 during an opera-
tion of the steering wheel 17 by the operator.

[0031] The steering wheel control device 27 is con-
nected to an electronic control unit (ECU) 33 as "control
means" via a signal cable 30. The control unit 33 is con-
nected to the electric motor 20 of the steering device 16.
The control unit 33 receives a signal from the steering
wheel operation angle sensor 28, controls the electric
motor 20, and controls the reaction motor 29.

[0032] AsshowninFIG. 4, the control unit 33 includes
operation status detection means 38 for detecting an op-
eration status corresponding to an operator’s steering
wheel operation, running status detection means 39 for
detecting a running status of the watercraft, outboard mo-
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tor status recognition means 40 as "watercraft propulsion
unit status recognition means" for recognizing a status
of the outboard motor 12, such as its installation number,
and electric motor status detection means 41 as "electric
actuator status detection means" for detecting a status
of the electric motor 20. The control unit 33 also includes
rudder deflection angle control means 42 for controlling
to make a limit rudder deflection angle smaller when it
determines that a load to the electric motor 20 during
rudder deflection will increase, based on the detection
values from those means 38... , and reaction motor con-
trol means 43 for increasing a reaction force for the re-
action motor 29 as the rudder nearly achieves the limit
rudder deflection angle.

[0033] The operation status detection means 38 in-
cludes rudder deflection force detection means 46 for
detecting a rudder deflection force required for rudder
deflection, load detection means 53 for detecting a load
to the rudder, such as water pressure, and steering op-
eration detection means 47 for detecting a direction in
which the rudder is deflected, corresponding to a direc-
tion in which the steering wheel 17 is operated and/or a
steering wheel operation, as shown in FIG. 3, and devi-
ation detection means 45 for detecting a deviation of a
detected actual rudder deflection angle from a target rud-
der deflection angle corresponding to the steering wheel
operation, as shown in FIG. 4. The steering wheel oper-
ation angle sensor 28 provided in the steering operation
detection means 47 detects a steering wheel operation
angle.

[0034] Totherunning status detection means 39, there
are connected weight detection means 48 for detecting
the position of a waterline and the weight of the water-
craft, trim angle detection means 49 for detecting a trim
angle of the watercraft, speed detection means 50 for
detecting a speed, an acceleration and a propulsive force
of the watercraft, and an output of the outboard motor
12, and PTT operation status detection means (not
shown) for detecting a PTT operation status, as shown
in FIG. 3.

[0035] Further, to the outboard motor status recogni-
tion means 40, there is connected operation storage
means 51 for storing therein information on the installa-
tion number of the outboard motor 12, the installation
position of the outboard motor 12 relative to the water-
craft, a rotational direction of a propeller of the outboard
motor 12, a propeller size, a propeller shape, a tab trim
angle, a tab trim shape, and the like. It is a matter of
course that the operation storage means 51 can be in-
cluded in the ECU 33.

[0036] Furthermore, the electric motor status detection
means 41 includes temperature detection means 52 for
detecting a temperature of the electric motor 20, and op-
erating number detection means 53 for detecting the
number of electric motors 20 in operation.

[0037] The operation of this embodiment will now be
described.
[0038] Asthe operator first turns the steering wheel 17
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in any direction by any angle, a signal will be transmitted
from the steering wheel operation angle sensor 28 in the
steering operation detection means 47 to the ECU 33.
Then, in step S10 of FIG. 5, a target rudder deflection
angle is detected, and in step S11, a target deviation is
computed.

[0039] Further, in step S12, the operation status de-
tection means 38 detects an operation status. As used
herein, the term "operation status" refers to a rudder de-
flection force required for deflecting the outboard motor
12, a load to the rudder (outboard motor 12), a direction
in which the steering wheel 17 is operated, a direction in
which the rudder (outboard motor 12) is deflected, a de-
viation of a detected actual rudder deflection angle from
atarget rudder deflection angle corresponding to a steer-
ing wheel operation, and the like.

[0040] The rudder deflection force is detected by the
rudder deflection force detection means 46. The load to
the rudder is detected by the load detection means 44.
The direction in which the steering wheel 17 is operated
and the direction in which the rudder is deflected are de-
tected by the steering operation detection means 47. The
deviation of a detected actual rudder deflection angle
from a target rudder deflection angle corresponding to
the steering wheel operation is detected by the deviation
detection means 45. Detection signals from those means
are transmitted to the operation status detection means
38 to thereby detect the operation status.

[0041] Further, in step S13, the running status detec-
tion means 39 detects a running status. As used herein,
the term "running status" refers to the position of a wa-
terline, the weight, atrim angle, a speed, an acceleration,
a deceleration and a propulsive force of the watercraft,
an output of the outboard motor 12, and the like.

[0042] The position of a waterline and the weight of
the watercraft are detected by the weight detection
means 48. The trim angle of the watercraft is detected
by the trim angle detection means 49. The speed, the
acceleration, the deceleration and the propulsive force
of the watercraft, and the output of the outboard motor
12 are detected by the speed detection means 50. De-
tection signals from those means are transmitted to the
running status detection means 39 to thereby detect the
running status.

[0043] Further, in step S14, the outboard motor status
recognition means 40 recognizes a status of the outboard
motor 12. As used herein, the term "the status of the
outboard motor 12" refers to the installation number of
the outboard motor 12, the installation position of the out-
board motor 12 relative to the watercraft, a rotational di-
rection of the propeller of the outboard motor 12, a pro-
peller shape, a tab trim angle, a tab trim shape, and the
like.

[0044] Information on the installation number of the
outboard motor 12, the installation position of the out-
board motor 12 relative to the watercraft, the rotational
direction of the propeller of the outboard motor 12, and
the like are stored in the operation storage means 51.
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Such information is read and then transmitted to the out-
board motor status recognition means 40 to thereby rec-
ognize the status of the outboard motor 12.

[0045] Thereafter,instep S15, the electric motor status
detection means 41 detects a status of the electric motor
20. As used herein, the term "the status of the electric
motor 20" refers to factors which influence the output
characteristics of the electric motor 20, specifically a tem-
perature and a voltage of the electric motor 20, the
number of the electric motor 20 in operation, and the like.
[0046] The temperature of the electric motor 20 is de-
tected by the temperature detection means 52. The
number of the electric motor 20 in operation is detected
by the operating number detection means 53. Detection
signals from those means are transmitted to the electric
motor status detection means 41 to thereby detect the
status of the electric motor 20.

[0047] Based on such detection values, in step S16,
the rudder deflection angle control means 42 in the ECU
33 computes a limit rudder deflection angle for rudder
angle restriction, and in step S17, rudder deflection con-
trol is performed. The rudder deflection control is made
such that the outboard motor 12 achieves the limit de-
flection angle as the ECU 33 controls the electric motor
20, and the process then returns to step S10.

[0048] As aresult, during the operation of the water-
craft by the operator, since rudder deflection angle re-
striction is performed depending on a running status of
the watercraft, and the like, the electric motor 20 is actu-
ated with excellent responsiveness invariably, and the
operator can obtain an excellent feel of operation when
deflecting the rudder.

More specifically,
(1) Control depending on steering operation status

[0049] When arudder deflection force required for rud-
der deflection is large and thereby a load to the rudder
is large, or when the rudder is deflected in a direction
which receives a reaction force to the propeller in re-
sponse to a direction in which the steering wheel 17 has
been operated, or a direction in which the rudder is ex-
pected to deflect, a limit rudder deflection angle is made
smaller to limit an increase in the rudder deflection force.
[0050] As aresult, making the rudder deflection angle
smaller limits an increase in the rudder deflection force,
allowing a much faster steering wheel operation. This
also prevents exceeding the limit of rudder deflection abil-
ity during rudder deflection.

(2) Control depending on running status

a. Operation of position of waterline, weight and trim an-
gle

[0051] When the position of a waterline is high, the
weight of the watercraft is heavy, or a trim angle is small
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so that the watercraft 12 is positioned generally vertically
in a certain fore-and-aft range, a rudder deflection force
corresponding to a rudder angle will increase.

[0052] Thus, making a rudder deflection angle smaller
limits an increase in rudder deflection force, allowing a
much faster operation of the steering wheel 17. This also
prevents exceeding the limit of rudder deflection ability
during rudder deflection.

b. Operation of speed, propulsive force, acceleration, de-
celeration and output

[0053] When selectively accelerating or decelerating,
the watercraft generates a propulsive force larger than
that during cruising at a certain speed, which causes a
reaction force to the propeller to increase.

[0054] As aresult, making the rudder deflection angle
smaller limits an increase in the rudder deflection force,
allowing a much faster steering wheel operation. This
also prevents exceeding the limit of rudder deflection abil-
ity during rudder deflection.

3) Control depending on status of outboard motor 12

[0055] Arudder deflection load increases as the instal-
lation number of the outboard motor 12 increases. A rud-
der deflection load increases as the propeller increases
insize. Arudder deflection load increases in one direction
depending on a rotational direction of the propeller. A
rudder deflection load increases depending on the tab
trim size. A rudder deflection load increases when a tab
trim angle is deviating from a reference position corre-
sponding to a watercraft speed, a trim angle, and a wa-
terline.

[0056] As aresult, making the rudder deflection angle
smaller limits an increase in the rudder deflection force,
allowing a much faster steering wheel operation. This
also prevents exceeding the limit of rudder deflection abil-
ity during rudder deflection.

[0057] As to the installation position of the outboard
motor 12, in a watercraft with a plurality of the outboard
motors 12, when it is driven with only part of the outboard
motors 12 actually in operation, or when the individual
watercrafts are in different trim status (when the lower
part of the individual outboard motor 12 has a different
underwater depth), rudder deflection load characteristics
will not be the same between rudder deflection to the left
and rudder deflection to the right. Accordingly, a propul-
sive force is adjusted, depending on whether the out-
board motor 12 generating the propulsive force is on the
left or the right in the width direction of the watercraft, or
the outboard motor 12 having a smaller trim angle and
thereby a deeper underwater depth is on the left or the
rightinthe width direction of the watercraft (the propulsive
force is decreased when the rudder is returned from a
deflected position to the side on which the outboard motor
12 of a deeper underwater depth is installed).
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4) Control depending on motor status

[0058] Asthe motor temperature rises, the motor char-
acteristics described above tends to be exhibited as
shown by broken line in FIG. 8, and thus less torque will
be outputted from the motor. Accordingly, a limit rudder
deflection angle is made smaller to thereby prevent ex-
ceeding the limit of the ability of the electric motor 20.
[0059] Also, the number of the electric motor 20 in op-
eration is detected, and for the fewer motor in operation,
alimit rudder deflection angle is made smaller. More spe-
cifically, as the number of the motor operable is fewer, a
limit rudder deflection angle is made smaller to thereby
prevent exceeding the limit of the ability of the electric
motor 20, e.g., in the case of a plurality of the electric
motors 20 in use, if any of them is not operable due to a
failure or the like; or in the case where a watercraft is
equipped with a plurality of the outboard motors 12 op-
eratively coupled to each other for the same rudder de-
flecting movement, each outboard motor 12 having the
electric motor 20, when part of the outboard motors 12
is inactivated and the associated electric motor 20 is also
inactivated, so that the ruder deflection is performed us-
ing the rest of the electric motors 20.

[0060] As such, in the above watercraft, the outboard
motor 12 is deflected by the electric motor 20. Thus, itis
advantageous that an operation feel of the steering wheel
17 can be lighter; however, in the case where the rudder
is deflected overly for example, a larger load is required
when the rudder is returned than when the rudder is de-
flected. Accordingly, output from the electric motor 20
may become less responsive, resulting in a delayed re-
sponse to a rudder deflecting operation. In this embodi-
ment, however, in accordance with the motor character-
istics of the electric motor 20, a limit rudder deflection
angle is made smaller to thereby prevent exceeding the
limit of the motor characteristics of the electric motor even
when the rudder is returned.

[0061] As aresult, the rudder deflection range is limit-
ed, and thus the outboard motor 12 is deflected within
the range of the output of the electric motor 20 even when
the rudder is returned. This prevents a delayed response
to a rudder deflecting operation.

[0062] More specifically, as shown in FIG. 6(b), as a
running status or an electric motor status, e.g., a water-
craft speed, a trim angle, the weight, an acceleration, a
deceleration, or a propulsive force, increases, the rela-
tionship between rudder deflection angles and rudder de-
flection forces will change from the characteristics shown
by solid line in FIG. 6(b) to the characteristics as shown
in broken line in the figure. Accordingly, when a rudder
deflection angle is the same as that in position al of the
characteristics shown in solid line, a rudder deflection
forceincreases asthatin position a2 of the characteristics
shown in broken line. When a rudder deflection force is
the same as that in position al of the characteristics
shown in solid line, a rudder deflection angle decreases
as that in position a3 of the characteristics shown in bro-
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ken line.

[0063] Asarudderdeflectionforce orthelikeincreases
in this way, when a limit rudder deflection angle is large,
the motor characteristics may fall outside of ability char-
acteristic line C of the electric motor 20 as position bl
shown in characteristic line B1 in FIG. 6(a), which illus-
trates the relationship between rudder deflection forces
and rudder deflection speeds. In such case, when a limit
rudder deflection angle is made smaller according to the
present invention, thereby changing the motor charac-
teristics as shown by characteristic line B2, a rudder de-
flection force decreases as shown in position b2 while
the same rudder deflection speed as in position bl is
kept. As aresult, the motor characteristics falls within the
range of ability characteristic line C. Accordingly, the out-
board motor 12 can be deflected within the range of out-
putofthe electric motor 20, and thus no delayed response
occurs during a rudder deflecting operation.

[0064] Optionally, the ECU 33 caninclude reaction mo-
tor control means 43 for controlling output of the reaction
motor 29, so that when the rudder nearly achieves a limit
rudder defection angle, output of the reaction motor 29
is increased based on a signal from the reaction motor
control means 43 to increase areaction force to the steer-
ing wheel 17.

[0065] This provides to the operator a response cor-
responding to a rudder deflection load directly through
the steering wheel 17, thereby preventing operating over-
ly beyond a limit rudder deflection angle.

[0066] Itis amatter of course that while in the foregoing
embodiment, the outboard motor 12 is used as the "wa-
tercraft propulsion unit," the present teaching is not lim-
ited to this, but it may be replaced by an inboard-outdrive
engine. Further, the foregoing embodiment includes the
operation status detection means 38, the running status
detection means 39, the outboard motor status recogni-
tion means 40 and the electric motor status detection
means 41. However, it is only required that at least one
of those means is provided.

[0067] The description above discloses (amongst oth-
ers)inorderto achieve the foregoing problem, a preferred
first aspect which provides a steering device for a water-
craft, including: a watercraft propulsion unit at a stern of
the watercraft; a steering device including an electric ac-
tuator for actuating the steering device, the steering de-
vice changing a direction in which the watercraft travels;
a steering wheel, operable by an operator, electrically
connected to the electric actuator to provide an actuation
signal corresponding to the amount of a steering wheel
operation to the electric actuator; and control means for
controlling a limit of the rudder deflection angle, the con-
trol means including: at least one of operation status de-
tection means for detecting an operation status corre-
sponding to the steering wheel operation, running status
detection means for detecting a running status of the wa-
tercraft, watercraft propulsion unit status recognition
means for recognizing a status of the watercraft propul-
sion unit, such as the installation number thereof, and
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electric actuator status detection means for detecting a
status of the electric actuator; and rudder deflection angle
control means for controlling a limit rudder deflection an-
gle based on the detection value from the at least one of
the means.

[0068] Further, apreferred second aspect provides the
steering device for a watercraft in accordance with the
first aspect, in which the operation status detection
means includes at least one of rudder deflection force
detection means for detecting a rudder deflection force
required for rudder deflection, load detection means for
detecting a load to the rudder, steering operation detec-
tion means for detecting a direction in which the rudder
is deflected, corresponding to a direction in which the
steering wheel is operated and/or the steering wheel op-
eration, and deviation detection means for detecting a
deviation of a detected actual rudder deflection angle
from a target rudder deflection angle corresponding to
the steering wheel operation.

[0069] Further, a preferred third aspect provides the
steering device for a watercraft in accordance with the
first or second aspect, in which the running status detec-
tion means includes at least one of weight detection
means for detecting at least one of a position of a water-
line and a weight of the watercraft, trim angle detection
means for detecting a trim angle of the watercraft, and
speed detection means for detecting at least one of a
speed, an acceleration and a propulsive force of the wa-
tercraft, and an output of the watercraft propulsion unit.
[0070] Further, a preferred fourth aspect provides the
steering device for a watercraft in accordance with any
one of the first to third aspects, in which the watercraft
propulsion unit status recognition means includes oper-
ation storage means for storing therein any one of pieces
ofinformation on the installation number of the watercraft
propulsion unit, an installation position of the watercraft
propulsion unit relative to the watercraft, a rotational di-
rection of a propeller of the watercraft propulsion unit, a
propeller shape, a tab trim angle and a tab trim shape.

[0071] Further, a preferred fifth aspect provides the
steering device for a watercraft in accordance with any
one of the first to fourth aspects, in which the electric
actuator status detection means includes temperature
detection means for detecting a temperature of the elec-
tric actuator.

[0072] Further, a preferred sixth aspect provides the
steering device for a watercraft in accordance with any
one of the first to fifth aspects, in which the electric actu-
ator status detection means includes operating number
detection means for detecting the number of the electric
actuator in operation.

[0073] Further, a preferred seventh aspect provides
the steering device for a watercraft in accordance with
any one of the first to sixth aspects, further including: a
reaction motor for applying areaction force to the steering
wheel; and reaction motor control means for increasing
areaction force to the reaction motor as the rudder nearly
achieves the limit rudder deflection angle.
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[0074] Further, a preferred eighth aspect provides a
watercraft provided with the steering device for a water-
craft in accordance with any one of the first to seventh
aspects.

[0075] In accordance with the above aspects of the
present teaching, control means includes at least one of
operation status detection means for detecting an oper-
ation status corresponding to the steering wheel opera-
tion, running status detection means for detecting a run-
ning status of the watercraft, watercraft propulsion unit
status recognition means for recognizing a status of the
watercraft propulsion unit, such as the installation
number thereof, and electric actuator status detection
means for detecting a status of the electric actuator. The
control means also includes rudder deflection angle con-
trol means for controlling a limit rudder deflection angle
based on the detection value from the at least one of the
means. Therefore, the present invention can provide a
watercraft steering device and a watercraft which provide
an operator with invariably excellent efficiency and an
excellent operation feel during rudder deflection, de-
pending on a running status of the watercraft.

[0076] The description above, thus, discloses accord-
ing to a preferred first aspect, a steering device for a
watercraft, comprising: a watercraft propulsion unit at a
stern of the watercraft; a steering device including an
electric actuator for actuating the steering device, the
steering device changing a direction in which the water-
craft travels; a steering wheel, operable by an operator,
electrically connected to the electric actuator to provide
an actuation signal corresponding to the amount of a
steering wheel operation to the electric actuator; and con-
trol means for controlling a limit of the rudder deflection
angle, the control means including: at least one of oper-
ation status detection means for detecting an operation
status corresponding to the steering wheel operation,
running status detection means for detecting a running
status of the watercraft, watercraft propulsion unit status
recognition means for recognizing a status of the water-
craft propulsion unit, such as the installation number
thereof, and electric actuator status detection means for
detecting a status of the electric actuator; and rudder
deflection angle control means for controlling a limit rud-
der deflection angle based on the detection value from
the at least one of the means.

[0077] Further, according to a preferred second as-
pect, the operation status detection means includes at
least one of rudder deflection force detection means for
detecting a rudder deflection force required for rudder
deflection, load detection means for detecting a load to
the rudder, steering operation detection means for de-
tecting a direction in which the rudder is deflected, cor-
responding to a direction in which the steering wheel is
operated and/or the steering wheel operation, and devi-
ation detection means for detecting a deviation of a de-
tected actual rudder deflection angle from a target rudder
deflection angle corresponding to the steering wheel op-
eration.
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[0078] Further, according to a preferred third aspect,
the running status detection means includes at least one
of weight detection means for detecting at least one of a
position of a waterline and a weight of the watercraft, trim
angle detection means for detecting a trim angle of the
watercraft, and speed detection means for detecting at
least one of a speed, an acceleration, a deceleration and
a propulsive force of the watercraft, and an output of the
watercraft propulsion unit.

[0079] Further, according to a preferred fourth aspect,
the watercraft propulsion unit status recognition means
includes operation storage means for storing therein any
one of pieces of information on the installation number
of the watercraft propulsion unit, an installation position
of the watercraft propulsion unit relative to the watercratft,
a rotational direction of a propeller of the watercraft pro-
pulsion unit, a propeller shape, a tab trim angle and a tab
trim shape.

[0080] Further, according to a preferred fifth aspect,
the electric actuator status detection means includes
temperature detection means for detecting a tempera-
ture of the electric actuator.

[0081] Further, according to a preferred sixth aspect,
the electric actuator status detection means includes op-
erating number detection means for detecting the
number of the electric actuator in operation.

[0082] Further, according to a preferred seventh as-
pect, the steering device for a watercraft further compris-
es: a reaction motor for applying a reaction force to the
steering wheel; and reaction motor control means for in-
creasing a reaction force to the reaction motor as the
rudder nearly achieves the limit rudder deflection angle.
[0083] There is further disclosed a watercraft provided
with the steering device for a watercraft according to any
one of the first to seventh aspects.

[0084] The description still further discloses, in order
to provide a watercraft which provides an operator with
invariably excellent efficiency and an excellent operation
feel during rudder deflection, depending on a running sta-
tus of the watercraft, an embodiment of awatercraft steer-
ing device which includes an ECU 33 for controlling a
limit of a rudder deflection angle. Therein, the ECU 33
includes at least one of operation status detection means
for detecting an operation status corresponding to a
steering wheel operation, running status detection
means for detecting a running status of the watercraft,
outboard motor status recognition means for recognizing
a status of an outboard motor 11, such as the installation
number thereof, and electric motor status detection
means for detecting a status of an electric motor. Further,
the ECU also includes rudder deflection angle control
means for controlling a limit rudder deflection angle
based on the detection value from the at least one of the
means.
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Claims

1.

Steering system for a watercraft, comprising:

a rudder;

a steering device including an actuator config-
ured to change a direction in which the water-
craft travels;

a steering amount input means, operable by an
operator, electrically connected to the actuator
to provide an actuation signal corresponding to
the amount of a steering operation to the actu-
ator; and

control means for controlling a limit of a rudder
deflection angle,

the control means including at least one of op-
eration status detection means for detecting an
operation status corresponding to the steering
operation, running status detection means for
detecting a running status of the watercraft, wa-
tercraft propulsion unit status recognition means
for recognizing a status of a watercraft propul-
sion unit of the watercraft, such as the installa-
tion number thereof, and actuator status detec-
tion means for detecting a status of the actuator;
and rudder deflection angle control means for
controlling a limit rudder deflection angle based
on the detection value from the at least one of
the detection and recognition means.

Steering system according to claim 1, wherein the
watercraft propulsion unit, in particular arranged at
a stern of the watercraft, is used as the rudder.

Steering system according to claim 1 or 2, wherein
the actuator configured to change a direction in
which the watercraft travels is an electric actuator.

Steering system according to one of the claims 1 to
3, wherein the operation status detection means in-
cludes at least one of rudder deflection force detec-
tion means for detecting a rudder deflection force
required for rudder deflection, load detection means
for detecting a load to the rudder, steering operation
detection means for detecting a direction in which
the rudder is deflected, corresponding to a direction
in which the steering wheel is operated and/or the
steering wheel operation, and deviation detection
means for detecting a deviation of a detected actual
rudder deflection angle from a target rudder deflec-
tion angle corresponding to the steering wheel op-
eration.

Steering system according to one of the claims 1 to
4, wherein the running status detection means in-
cludes at least one of weight detection means for
detecting at least one of a position of a waterline and
a weight of the watercraft, trim angle detection
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10.

11.

means for detecting a trim angle of the watercraft,
and speed detection means for detecting atleastone
of a speed, an acceleration, a deceleration and a
propulsive force of the watercraft, and an output of
the watercraft propulsion unit.

Steering system according to one of the claims 1 to
5, wherein the watercraft propulsion unit status rec-
ognition means includes operation storage means
for storing therein any one of pieces of information
on the installation number of the watercraft propul-
sion unit, an installation position of the watercraft pro-
pulsion unit relative to the watercraft, a rotational di-
rection of a propeller of the watercraft propulsion unit,
a propeller shape, a tab trim angle and a tab trim
shape.

Steering system according to one of the claims 1 to
6, wherein the actuator status detection means is an
electric actuator status detection means, which in-
cludes temperature detection means for detecting a
temperature of the electric actuator.

Steering system according to one of the claims 1 to
7, wherein the actuator status detection means is an
electric actuator status detection means includes op-
erating number detection means for detecting the
number of the electric actuator in operation.

Steering system according to one of the claims 1 to
8, further comprising: a reaction motor for applying
a reaction force to the steering wheel; and reaction
motor control means for increasing a reaction force
to the reaction motor as the rudder nearly achieves
the limit rudder deflection angle.

Steering system according to one of the claims 1 to
9, wherein the steering amount input means is a
steering wheel or a control lever, operable by an op-
erator, electrically connected to the electric actuator
to provide an actuation signal corresponding to the
amount of a steering input operation to the electric
actuator.

Steering system according to one of the claims 1 to
10, further including an electronic control unit (ECU)
for controlling a limit of a steering means deflection
angle, the ECU (33) including at least one of opera-
tion status detection means for detecting an opera-
tion status corresponding to a steering amount input
means operation, running status detection means
for detecting a running status of the watercraft, out-
board motor status recognition means for recogniz-
ing a status of an outboard motor (11), such as the
installation number thereof, and electric motor status
detection means for detecting a status of an electric
motor, and the ECU also including steering means
deflection angle control means for controlling a limit
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steering means deflection angle based on the de-
tection value from the at least one of the means.

12. Watercraft provided with a steering system for a wa-
tercraft according to one of the claims 1 to 10. 5
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[FIG. 6]
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[FIG. 7]
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