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ABSTRACT OF THE DISCLOSURE

An outboard motor steering system for an outboard motor mounted on a stern of a
boat includes a mounting unit having a swivel shaft connected to a propeller to turn the
propeller, and a swivel case rotatably accommodating the swivel shaft. A vibration
attenuator 1s installed at a portion connecting an outboard motor main unit and the
mounting unit and attenuating vibration of the outboard motor main unit to be transmitted
to the mounting unit by causing the outboard motor main unit to displace relative to the
mounting unit. In the system, displacement absorbers are installed at a portion connecting
one of a main body and an output end of a steering actuator to the outboard motor main

unit and another portion connecting the other of the main body and the output end to the

mounting unit.
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HEF-339

OUTBOARD MOTOR STEERING SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention
This invention relates to an outboard motor steering system.
Description of the Related Art

In almost all outboard motors, the outboard motor comprises an
outboard motor main unit having an internal combustion engine and a propeller
powered by the engine, and is mounted on a boat through a mounting unit having a .
swivel shaft (steering shaft) and a swivel case that accommodates the swivel shaft
rotatably such that the outboard motor main unit 1s steered.

The swivel shaft 1s ordinarily rotated i)y human power, such as the tiller
handle type used to turn the rudder by manually operating the tiller handle connected
to the swivel shaft and the remote control type used to remotely opérate a hink
mechanism connected to the swivel shaft through a push-pull cable in response to
rotation of a steering wheel manipulated by the operator.

Since human-powered steering systems are disadvantageous because
they tend to have an unpleasant steering “feél” owing to, for instance, heavy steering
load, as taught in Japanese Laid-Open Patent Application Sho 62 (1987)-125996
(‘996), an add-on mechanism constituted as a separate unit from the outboard motor
and used to power-assist the turning of the steering wheel 1s known. This mechanism
typically includes a steering actuator such as a hydraulic cylinder placed on the boat
to power-assist the steering through a link mechanism. The add-on steering system
using such an actuator also has disadvantages, most notably that it adds to the number
and weight of the components, and that it takes up space on the boat.

Attempts have been made to overcome these drawbacks. Japanese

Laid-Open Patent Application No. He1 2(1990)-279495 (*495), for example, teaches a
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steering system including a steering hydraulic cylinder that is not attached to the boat,
but directly attached to the mounting unit (more specifically its output end (piston rod)
is connected to the swivel shaft or the outboard motor main unit, whilst its main body
(cylinder) is connected to the swivel case), thereby minimizing increase in the number
and weight of the constituent components and saving space.

Aside from the above, the outboard motor main unit may sometimes
vibrate due to éngine operation and resistance exerted on the propeller. It is therefore
preferable to attenuate the vibration to be transmitted from the éutboard motor main
unit to the mounting unit so as to reduce vibration to be further transmitted to the boat.
In view of this, it has been proposed to install a rubber member (as a vibration
attenuator) at a portion connecting the outboard motor main unit and the mounting
unit, thereby enabling the outboard motor to displace rélative to the mounting unit
such that the vibration to be tré.nsmitted from the outboard motor to the mounting unit
attenuates, as taught in Honda Motor Company Service manual of Honda Outboard
Motor BF115A/BF130A; pages 12-47 and 13-5; published on May, 1998. -

As mentioned with reference to ‘996, the outboard motor main unit and
the mounting unit are generally made displaceable to each other. Accordingly, as
suggested by ‘495, if the actuator output end (or main body) 1s connected to the
outboard motor main unit, whereas the actuator main body (or output end)' 1S
connected to the mounting unit, in other words, if the steering actuator 1s interpoSed_ at
any location between the outboard motor and the moimting unit, excessive stress may
act on the connection from the outboard motor main unit to the mounting unit via the
actuator.

On the other hand, as suggested by ‘495, when the actuator output end
is connected to the swivel shaft, whereas the actuator main body is connected to the
swivel case,' in other words, when the connection of the actuator is completed at the
mounting unit by connecting the main body to the swivel case, this can avoid the

disadvantage mentioned above. However, this also has disadvantage that its structure
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degrade the degree of freedom of installing position of the actuator.

SUMMARY OF THE INVENTION
An object of the present invention is theretore to overcome the
foregoing issues by providing an outboard motor steering system that can interpose a
steering actuator between an outboard motor main unit and a mounting unit, even
when a vibration attenuator is installed at a portion connecting the outboard motor
main unit and the mounting unit such that they are displaceable to each other so as to
attenuate vibration of the outboard motor main unit, while improving the degree of

freedom of installing position of the actuator.

In order to achieve the foregoing objects, this mnvention provides a
steering system for an outboard motor mounted on a stern of a boat and including an
outboard motor main unmt having an internal combustion engine at its upper portion
and a propeller with a rudder at 1ts lower portion powered by the engine to propel and
steer the boat, comprising: a mounting unit mounting the outboard motor main unit on
the stern of the boat and having at least a swivel shaft installed in the
outboard motor, and a swivel case rotatably accommodating the swivel shaft;

a vibration attenuator installed at a first connecting portion connecting the

outboard motor main unit and the mounting unit and attenuating vibration of the

outboard motor main unit to be transmitied to the mounting unit by causing the
outboard motor main unit to displace relative to the mounting unit; an actuator rotating
the swivel shaft to turn the propeller relative to the'boat,.the actuator having a main
body and an output end to be movable trom the main body, one of the main body and
the output end of which being connected to the outboard motor main unit at a second
connecting portion, whilst the other of the main body and the output end of which
being connected to the mounting unit at a third connecting portion; and a displacement

absorber installed at least one of the second connecting portion and the third

connecting portion and absorbing the displacement of the outboard motor main unit

relative to the mounting unit.
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BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and advantages of the imnvention will be

more apparent from the following description and drawings, in which:

FIG 1 is an overall schematic view of an outboard motor steering
system according to a first embodiment of the invention;

FIG. 2 is an explanatory side view of an outboard motor main unit and
a mounting unit of FIG. 1;

FIG. 3 is an enlarged partial cross-sectional view of portions around the
mounting unit illustrated in FIG. 2;

FIG. 4 is a plan view of portions around the mounting unit illustrated 1n
FIG. 2 and viewed from the above; .

FIG. 5 is an enlarged partial cross-sectional view of portions around a
steering hydraulic cylinder tltustrated in FIG. 3;

FIG. 6 is a similar enlarged partial cross-sectional view of the portions
around the steering hydraulic cylinder illustrated in FIG. 4;

FIG 7 is a view, similar to FIG. 5, but showing portions around the
steering hydraulic cylinder according to a second embodiment of the invention;

FIG 8 is a view, similar to FIG. 6, and stmilarly showing the portions
around the steering hydraulic cylinder according to the second embodiment;

FIG. 9 is a view, similar to FIG. 5, but showing portions around the
steering hydréulic cyhnder accbrding to a third embodiment of the invention;

FIG. 10 is a view, similar to FIG. 6, and similarly showing the portions
around the steering hydraulic cylinder according to the third embodiment; and

FIG. 11 is a view, similar to FIG 3, but showing portions around the

mounting unit according to a fourth embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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An outboard motor steering system according to a first embodiment of
the present invention will now be explained with reference to the attached drawings.

FIG 1 is an overall schematic view of the outboard motor steering
system, and FIG. 2 is an explanatory side view of an outboard motor main unit and a
mounting unit of FIG. 1. | ‘

Reference numeral 10 in FIGs. 1 and 2 designates an outboard motor.
As illustrated in FIG. 2, the outboard motor 10 comprises an outboard motor main unit
10A built integrally of an internal combustion engine, propeller shaft, propeller and
other components, and a mounting unit 10B connected to the outboard motor main
unit 10A and mounting the outboard motor main unit 10A on the stern of a boat. The
mounting unit 10B comprises a swivel shaft (not shown), a swivel case 12 (that
rotatably accommodates or houses the swivel shaft) and stern brackets 14 (to which
the swivel case 12 is connected), etc. The outboard motor main unit 10A 1s mounted
on the stern of a boat (hull) 16, via the mounting unit 10B, to be steerable (rotatable)
about the vertical and horizontal axes.:

As shown in FIG. 2, the outboard motor main unit 10A is equipped with
an internal combustion engine 18 at its upper portion. The engine 18 1s ‘a
spark-ignition, in-line four-cylinder gasoline engine with a displacement of 2,200 CC.
The engine 18, located 1nside the outboard motor 10, is enclosed by an engine cover
20 and positioned above the water surface. An electronic control umt (ECU) 22
constituted of a microcomputer is installed near the engine 18 enclosed By the engine
cover 20.

The outboard motor main unit 10A 1s equipped at its lower part with a

propeller 24 and a rudder 26 adjacent thereto. The rudder 26 1s fixed near the propeller
24 and does not rotate independently. The propelier 24, which operates to propel the

boat 16 in the forward and reverse directions, is powered by the engine 18 through a

crankshaft, -drive" shaft, gear mechanism and shift mechanism (none of which 1is

shown).
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As shown in FIG. 1, a steering wheel 28 is installed near the operator’s
seat of the boat 16. A steering anglé sensor 30 1s installed near the steering wheel 28.
The steering angle sensor 30 1s made of a rotary encoder and outputs a signal in
response to the turning (rotation) of the steering wheel 28 inpuﬁed by the operator. A
throttle lever 32 and a shift lever 34 are mounted on the right side of the operator’s
seat. Operations inputted to these are transmitted to a throttle valve of the engine 18
and the shift mechamism (neither shown) through_push-pull cables (not shown).

A power tilt switch 36 for regulating the tilt angle and a power trim
switch 38 for regulating the trim angle of the outboard motor main unit 10A are also
installed near the operator’s seat. These switches output signals in response to
tilt-up/down and trim-up/down instructions inputted by the operator. The outputs of
the steering angle sensor 30, power tilt switch 36 and power trim switch 38 are sent to
the ECU 22 over signal lines 30L, 36L and 38L.

AsS illustrated in FIG 2, an actuator for steering, more specifically a
steering hydraulic cylinder 40 to steer (to power-assist the steering) and a
conventional power tilt-tim unit 42 for regulating the tilt angle and trim angle are
installed at the mounting unit 10B, and are connected to the ECU 20 through' signal
lines 40L and 42L. In response to the output of sensors and switches, the ECU 22

~operates the steering hydraulic cylinder 40 to steer the outboard motor and the power

tilt-trim unit 42 to regulate the tilt angle and trim angle of the outboard motor 10.

FIG. 3 is an enlarged partial cross-sectional view of portions around the
mounting unit 10B illustrated in FIG. 2. _

As illustrated in FIG. 3, the power tilf-trim unit 42 is equipped with one
hydraulic cylinder 42a for tilt angle regulation and, constituted integrally therewith,
two hydraulic cylinders 42b for trim angle regulation (only one shown). One end
(cylinder bottom) of the tilt hydraulic cylinder 42a is fastened to the stern brackets 14
and through it to the boat 16 and the other end (piston rod head) théreof abuts on the

swivel case 12. One end (cylinder bottom) of each trim hydraulic cylinder 42b is
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fastened to the stern brackets 14 and through it to the boat 16, similarly to the one end
of the tilt hydraulic cylinder 42a, and the other end (piston rod head) thereof abuts on
the swivel case 12.

The swivel case 12 1s connected to the stern brackets 14 through a
tilting shaft 46 to be relatively displaceable about the tilting shaft 46. As mentioned
above, the swivel shaft (now assigned with reference numeral 50) is rotatably
accommodated inside the swivel case 12. The swivel shaft 50 extends in the vertical
direction and has its upper end fastened to a mount frame 52 and its lower end
fastened to a lower mount center housing 54. \

As illustrated in the figure, a hexagonal headed bolt 52a 1s provided
inside the mount frame 52. The bolt 52a 1s connected to the outboard motor main unit
10A through an elastic member, 1.¢., an upper mount rubber member 56. Similarly, a
hexagonal headed bolt 54a is provided inside the lower mount center housing 54. The
bolt 54a is connected to the outboard motor main unit 10A through an elastic member,
i.e., a lower mount rubber member 58. A portion connecting the mount frame 52 and
the outboard rhotor main unit 10A, more specifically a portion connecting the bolt 52a
and the outboard motor main unit 10A is herein after referred fo, an “‘upper side
connecting portion” and is assigned with reference numeral 52j. A portion connecting
the lower mount center housing 54 and the outboard motor main unit 10A, more
specifically a portion connecting the bolt 54a and the outboard motor main unit 10A is
herein after referred to a “lower side connecting portion” and is assigned with
reference numeral 54;.

Thus, the upper mount rubber member 56 is installed at the upper side
connecting portion 325 that connects the mount frame 52 to the outboard motor main
unit 10A, whilst the lower mount rubber member 58 is installed at the lower side
connecting portion 54j that connects the lower mount center housing 54 to the
outboard motor main unit 10A. With this, if the outboard motor main unit 10A

vibrates, the upper mount rubber member 56 and the lower mount rubber member 58
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deform such that the outboard motor main unit 10A and the mounting unit 10B
displace to each other, thereby enabling to attenuate the vibration to be transmitted
from the outboard motor main unit 10A and to decrease or attenuate vibration to be
further transmitted to the boat 16. The aforesaid steering hydraulic cylinder 40 is
installed at a position above the swivel case 12.

FIG 4 is a plan view of portions around the mounting unit 10B viewed
from the above. -

As illustrated in FIGs. 3 and 4, the steering hydraulic cylinder 40 1s
installed at the position in such a way that its output end, more precisely a rod head

40al of a piston rod 40a is connected to the outboard motor main unit 10A, whilst its

main body, precisely a cylinder 40b, more precisely a cylinder bottom 40bl of the

cylinder 40b is connected to the swivel case 12 of the mounting unit 10B. Thus, the
steering hydraulic cylinder (actuator) 40 has the main body and the output end to be
movable from the main body. '

FIG. 5 1s an enlarged partial cross-sectional view of portions around the
steering hydraulic cylinder 40 illustrated in FIG. 3; and FIG. 6 is a similar enlarged
partial cross-sectional view of the portions around the steering hydraulic cylinder 40
illustrated in FIG. 4.

As 1s best shown in FIGs. 4 and 5, the rod head 40al 1s rotatably

- connected to a cylindrical member 62 (hereinafter referred to as “rod head side

cylindrical member”) fastened to the outboard motor main unit 10A, through an elastic
member, i.€., a rubber member 60 having a ‘ doughnut-like or cylindrical shape
(hereinafter referred to as “rod head side rubber member”). Similarly, the cylinder
bottom 40b1 1s rotatably connected to a cylindrical member 68 (hereinafter referred to
as “cylinder bottom side cylindrical member™) fastened to an upper portion of the
swivel case 12, through an elastic member, 1.e., a rubber member 66 also having a
doughnut-like or cylindrical shape (hereinafter referred to as “cylinder bottom side

rubber member”). A portion connecting the cylinder rod head 40al and the outboard
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motor main unit 10A 1s hereinafter referred to as “rod head side connecting portion”
and assigned with reference numeral 40aj. Similarly, a portion connecting the cylinder

bottom 40b1 and the mounting unit 10B is hereinafier referred to as “cylinder bottom

side connecting portion” and assigned with reference numeral 40bj.

Then, steering of the outboard motor 10A will be explained.

When the operator steers the steefing wheel 28, the amount of steering
(the amount of rotation of the steering wheel 28) is detected by the steering angle
sensor 30 and is inputted to the ECU 22. The ECU 22 determines or calculates a
current supply command in response to the inputted amount of steering (a._' command to
steer) and outputs the sanie to a driver circutt of an electric motor (not shown) to drive
a hydraulic pump through the hydraulic circuit such that the steering hydraulic
cylinder 40 extends or contracts to rotate the swivel shaft 50.

Specifically, by operating the steering hydraulic cylinder 40 to extend
or contract, the steering of the outboard motor 10 in the horizontal direction about the
swivel shaft 50 is power-assisted and the propeller 24 (and the rudder 26) is swung to
Steer the boat 16. More specifically, the swivel shaft 50 and mount frame 52 are
rotated right (viewed from the above) reiative to the boat 16 when the steering
hydraulic cylinder 40 1s driven to extend, and the outboard motor 10 is steered right
such that the boat 16 is steered left (viewed from the above). On the contrary, when

the steering hydrai.llic cylinder 40 is driven to contract, the swivel shaft 50 and mount

 frame 52 rotate left to steer the outboard 10 left such that the boat 16 is steered. In this

embodiment, the overall steerable angle (rudder turning angle) of the outboard motor
10 is 60 degrees, 30 degrees to the ﬁght and 30 degrees to the left.

As stated above, the outboard motor steering system according to this
embodiment is arranged such that, the rod head 40al of the steering hydraulic cylinder
(steering actuator) 40 is connected to the outboard motor main unit 10A, whilst the
cylinder bottom 40bl of the steering hydraulic cylinder 40 is connected to the

mounting unit 10B. And the rod head side rubber member (elastic member) 60 is
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installed at the rod head side connecting portion 40aj that connects the rod head 40al
of the steering hydraulic cylinder 40 and the outbo(ard motor main unit 10A, whilst the
cylinder bottom side rubber member (elastic member) 66 is installed at the cylinder
bottom side connecting portion 40bj that connects the cylinder bottom 40bl of the
steering hydraulic cylinder 40 and the mounting unit 10B.

* With this, when the upper and lower mount rubber members 56 and 58
(each acting as the vibration attenuator) are respectively installed at the upper side
connecting portion 52j and the lower side connecting portion 54j each connecting the
outboard motor main unit 10A and the mounting unit 10B in such a manner that the
outboard motor main umt 10A and the mounting unit 10B are made displaceable to
each other such that the vibration génerated at the outboard motor main unit 10A and
to be transmitted to the mounting unit 10B attenuates, the displacement can be
absorbed by deformation of the rod head side rubber member 60 and the cylinder
bottom side rubber member 66 (each acting as a displacement absorber), thereby
enabling to prevent excessive stress from exerting or imparting on the connection
from the outboard motor main unit 10A to the mounting unit 10B via the steering
hydraulic cylinder 40.

Accordingly, in case that the vibration attenuators (the upper and lower
mount rubber members 56 and 58) are respectively installed at the upper side
connecting portion 52j and the lower side connecting portion 54j each connecting the
outboard motor main unit 10A and the mounting unit 10B, the steering hydraulic
cylinder (steering actuator) 40 can still be interposed at any location between the
outboard motor main unit 10A and the mounting unit 10B, thereby enabling to
enhance the degree of freedom of installing position of the steering hydraulic cylind'er
40. '

Further, since the displacement absorbers (the rod head side rubber
member 60 and the cylinder bottom side rubber member 66) that absorb the

displacement of the outboard motor 10A relative to the mounting unit 10B are only

-10-
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made up of elastic members, the Structu;re can be simplified.

An outboard motor steering system according to a second embodiment
of the invention will be explained with reference to FIGs. 7 and 8.

FIG. 7 1s a view, similar to FIG. 35, but showmg portions around the
steering hydraullc cylinder 40 according to the second embodiment; and FIG 8 is a
VIEW, 31m11ar to FIG. 6, and similarly showing the portions around the steering
hydraulic cylinder 40 according to the second embodiment.

Explaining this with focus on the differences from the first embodiment,
in the outboard motor steering system according to the second embodiment, springs
are used as the displacement absorber.

To be more specific, as illustrated in the figures, a spring 602

(hereinafter referred to as “rod head side spring™) is interposed or installed between

~the rod head 40al of the steering hydraulic cylinder 40 and the rod head side

cylindrical member 62 fastened to the outboard motor main unit 10A. The rod head
side spring 602 has a plurality of (i.e. four) biasing force generators 602a extend
outwardly from the outer periphery (surface) of the rod head side cylindrical member
62 in an arc (when viewed from the above in FIG. 7) and at regular intervals of 90
degrees. The biasing force generators 602a are brought into contact with the inner
periphery (surface) of the rod head 40al at their distal ends and generate biasing force
between the rod head 40al and the rod head cylindrical member 62.

Similarly, another spring 662 (heremafter referred to as “cylinder
bottom side spring’) is interposed or installed between the cylinder bottom 40b1 of the
steering hydraulic cylinder 40 and the cylinder bottom side cylindrical member 68
fastened to the mounting unit 10B. Also, the cylinder bottom side spring 662 has a
plurality of (i.e. four) biasing force generators 662a extend outwardly from the outer
periphery (surface) of the cylinder bottom side cylindrical member 68 in an arc (when
viewed from the above in FIG 8) and at regular intervals of 90 degrees. The biasing

force generators 662a are brought into contact with the inner periphery (surface) of the

~11-
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cylinder bottom 40bl at their distal ends and generate biasing force between the

‘cylinder bottom 40b1 and the cylinder bottom side cylindrical member 68. |

With this, when no displacement occurs between the outboard motor
10A and the mounting outboard motor main unit 10B, by the biasing force generated

by the biasing force generators 602a and 662a, the rod head side cylindrical member

62 is urged towards the center of the rod head 40al, whilst the cylinder bottom side

cylindrical member 68 is urged towards the center of the cylinder bottom 40bl. On the
other hands, when displacement occurs between the outboard motor 10A and the
mounting unit 10B, any of the biasing force generator corresponding to the direction
of displacement deforms and absorbs the displacement of the outboard motor main
unit 10A relative to the mounting unit 10B, thereby enabling to prevent excessive
stress from exerting on the connection from the outboard motor 10A to the mounting
unit 10B via the steering hydraulic cylinder 40.

As mentioned above, the outboard motor steering system according to
the second embodiment is arranged such that, the rod head side spring (elastic
member) 602 is installed at the rod head side connecting portion 40aj that connects the
rod head 40al of the steering hydraulic cylinder 40 and the outboard. motor main unit
10A, whilst the cylinder bottom side spring (elastic member) 662 is installed at the
cylinder bottom side connecting portion 40bj that connects the cylinder bottom 40bl
of the steering hydraulic cylinder 40 and the mountiﬁg unit 10B. With this, the

displacement can be absorbed by deformation of the biasing force generators 602a and

662a, thereby enabling to prevent excessive stress from exerting or imparting on the

“connection from the outboard motor main unit 10A to the mounting unit 10B via the

steering hydraulic cylinder 40.
Accordingly, in case that the vibration attenuators (the upper and lower
mount rubber members 56 and 58) are respectively installed at the upper side

connecting portion 52j and the lower side connecting portion 54) each connecting the

outboard motor main unit 10A and the mounting unit 10B, the steering hydraulic

-12-
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cylinder (steering actuator) 40 can still be interposed at any location Between the
outboard motor main unit 10A and the mounting unit 10B, thereby enabling to
enhance the degree of freedom of installing position of the steering hydraulic cylinder

40.
Further, since the displacement absorbers (the rod head side spring 602

and the cylinder bottom side spring 662) that absorb the displacement of the outboard

motor main unit 10A relative to the mounting unit 10B are only made up of springs,
the _structure can be simplified.

Since the rest of the structure 1s not different from the first embodiment,
the same reference numera]s are used here and the explanation thereon 1s omitted.

An outboard motor steering system according to a third embodiment of
the invention will be explained with reference to FIGs. 9 and 10.

FIG. 9 is a view, similar to FIG. 5, but showing portions around the
steering hydraulic cylinder 40 according to the third embodiment; aﬁd FIG. 10 is a
view, similar to FIG. 6, and similarly showing the portions around the steering '
hydraulic cylinder 40 according to the third embodiment. '

Explaining this with focus on the differences from the first embodiment,
in the outboard motor steering system according to the third embodiment, gaps are
used as the displacement absorber.

To be specific, as illustrated in the figures, a gap 603 (hereinafter
referred to as “rod head side gap”) 1s mterposed or formed between the rod head 40al
of the steering hydraulic cylinder 40 and the rod head side cylindrical member 62
fastened to the outboard motor main unit 10A. More specifically, the (duter) diameter
of the rod head side cylindrical member 62 is decreased than the inner diameter of the
rod head 40al by a predetermined amount (e.g., 4 mm to 6 mm) to form the rod head
side gap 603 in a doughnut~liké or cylindrical shape having a predetermined width
(e.g., 2 mm to 3 mm) therebetween.

Similarly, another gap 663 (hereinafter referred to as “cylinder bottom

-13-
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side gap”) is interposed or formed between the cylinder bottom 40bl of the steering
hydraulic cylinder 40 and the cylinder bottom side cylindrical member 68 fastened to
the mounting unit 10B. Also, the (outer) diameter of the cylinder bottom side
cylindrical member .68 is decreased than the inner diameter of the cylinder bottom
40b1 by a predetermined amount (e.g., 4 mm to 6 mm) to form the cylinder bottom
side gap 663 in a doughnut-like or cylindrical shape having a predetermined width
(e.g., 2 mm to 3 mm) therebetween. ‘

With this, when displacement occurs between the outboard motor 10A
and the mounting unit 10B, the rod head side cylindrical member 62 can displace or
move inside the rod head 40al, whilst the cylinder bdttom side cylindrical member 68
can displace or move inside the cylinder bottom 40bl, thereby enabling to prevent
excessive stress from exerting on the connection from the outboard motor 10A to the
mounting unit 10B via the steering hydraulic cylinder 40.

As mentioned above, the outboard motor steering system according to
the third embodiment 1s arranged such that, the rod head side gap 603 is formed at the
rod head side connecting portion 40aj that connects the rod head 40al of the steering
hydraulic cylinder 40 and the outboard motor main unit 10A, whilst the cylinder

bottom side gap 663 is formed at the cylinder bottom side connecting portion 40b; that

~ connects the cylinder bottom 40bl of the steering hydraulic cylinder 40 and the

mdunting unit 10B. With this, the displacement can be absorbed by the gaps 603 and

663, thereby enabling to prevent excessive stress from exerting or imparting on the

connection from the outboard motor main unit 10A to the mounting unit 10B via the

steering hydraulic cylinder 40.

Accordingly, In case that the vibration attenuators (the upper and lower
mount rubber members 56 and 58) are respectively installed at the upper side
connecting portion 52j and the lower side COnnecting portion 54j each connecting the
outboard motor main unit 10A and the mounting unit 10B, the steering hydraulic

cylinder (steering actuator) 40 can still be interposed at any location between the

-14-
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outboard motor main unit 10A and the mounting umit 10B, thereby enabling to
enhance the degree of freedom of installing position of the steering hydraulic cylindér
40.

Further, since the displacement absorbers (the rod head side gap 603
and the cylinder bottom side gap 663) that absorb the displacement of the outboard
motor 10A relative to the mounting unit 10B need no additional member, the structure -
can be simplified. '

Since the rest of the structure is not different from the first embodiment,
the same. reference numerals are used here and the explanation thei'eon 1s omitied.

An outboard motor steering system according to a fourth embodimenf
of the invention will be explained with reference to FIG. 11.

FIG. 11 is a view, similar to FIG. 3, but showing portions around the
mounting unit 10B according to the fourth embodiment.

Explaining this with focus on the differences from the first embodiment,
in the outboard motor steering system according to the fourth embodiment, the
steering hydraulic cylinder 40 is located or installed at a position midway of the mount
frame 52 and the lower mount center housing 54, more precisely at the middle or
thereabout between the mount frame 52 and the lower mount center housing 54.

' To be specific, as illustrated in the figure, the steering hydraulic
cylinder 40 is installed or interposed at the middle position or thereabout between the
upper side connecting poftion 52 that connects the mount frame 52 and the outboard
motor main unit 10A and the lower side connecting portion 54; that connects the lower
mount center housing 54 and the outboard motor main unit 10A, such that the rod
head side connecting portién 40aj and the cylinder bottom side connecting portion
40bj are installed or interposed at the middle position or thereabout between the upper
side connecting portion 52j and the lower side connecting portion 54j. The rod head

side rubber member 60 and the cylinder bottom side rubber member 66 mentioned in

the first embodiment are at the rod head side connecting portion 40aj and the cylinder
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bottom side connecting portion 40bj as the displacement absorbers.

As mentioned above, since the upper mount rubber member 56 and the
lower mount rubber member 58 are installed at the upper side connecting portion 52j
and the lower side connecting portion 54j, the outboard motor main unit 10A displaces,
relative to the mounting unit 10B, at the middle position (or thereabout) between the
upper side connecting portion 525 and the lower side connecting portion 54j.

Accordingly, the amount of diSplacement of the outboard motor main
unit 10A relative to the mounting unit 10B becomes least (decreases) at the middle
position (or thereabout) between the upper side connecting portion 52j and the lower
side connecting portion 34j. For that reason, it becomes possible to decrease the stress
exerting on the rod head side connecting portion 40aj and the cylinder bottom side
connecting portion 40bj, by installing the steering hydraulic cylinder 40 at the middle
(or thereabout) between the upper side connecting portion 523 and the lower side
connecting portion 54;j.

With this, in addition to the advantages and effects mentioned in the
foregoing embodiments, it becomes possible to mitigate or decrease degradation or
deterioration of the rubber members 60 and 66.

Further, since the capacity of the rubber members 60 and 66 for
absorbing the stress can be made smaller,. it becomes possible to make the rubber
members 60 and 66 smaller and hence, make the structure stmpler.

Since the rest of the structure is not different from the first embodiment,

the same reference numerals are used here and the explanation thereon is omitted.

The first to fourth embodiments are thus arranged to have a steering
system for an outboard motor 10 mounted on a stern of a boat 16 and including an
outboard motor main unit 10A having an internal combustion engine 18 at its upper
portion and a propeller 24 with a rudder 26 at its lower portion powered by the engine
to propel and steer the boat, comprising: a mounting unit 10B mounting the outboard

motor main unit on the stern of the boat and having at least a swivel shaft 50 connected
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to the propeller to turn the propeller relative to the boat, and a swivel case 12 rotatably
accommodating the swivel shaft; a vibration attenuator (upper mount rubber member
56, lower mount rubber member 58) installed at a first connecting portion (upper side
connecting portion 52j, lower side connecting portion 54j) connecting the outboard
motor main unit 10A and the mounting unit 10B and attenuating vibration of the
outboard motor main unit to be transmitted to the mounting unit by causing the‘
outboard motor main unit to displace relative to the mounting unit; an actuator
(steering hydraulic - cylinder 40) rotating the swivel shaft to turn the propeller relative
to the boat, the actuator having a main body (cylinder 40b, more precisely cylinder
bottom 40bl) and an output end to be movable from -the main body (piston rod 40a,
more precisely rod head 40al), one of the main body and the output end of which

being connected to the outboard motor main unit 10A at a second connecting portion

(rod head side connecting portion 40aj), whilst other of the main body and the output

end of which being connected to the mounting unit 10B at a third connecting portion
(cylinder bottom side connecting portion 40b}); and a displacement absorber (rod head
side rubber member 60, cylinder bottom side rubber member 66, rod head side spring
602, cylinder bottom side spring 662, rod head side gap 603, cylinder bottom side gap

663) installed at least one (more specifically each) of the second connecting portion

~ and the third connecting portion and absorbing the displacement of the outboard motor

main unit 10A relative to the mounting unit 10B.

In the system, the displacement absorber comprises an elastic member
(rod head side rubber member 60, cylinder bottom side rubber member 66), more
specifically the displacement absorbers comprise the elastic members.

In the system, the displacement absorber comprises a spring (rod head
side spring 602, cylinder bottom side spring 662, more precisely their biasing force
generators 602a, 662a), more specifically, the displacement absorbers comprise the
Springs.

In the system, at least one (more precisely each) of a first member-(rod
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head side cylindrical member 62) fastened to the outboard motor main unit 10A and at
least one of the output end and the main body of the actuator (specifically the output,
more specifically the rod head 40al) and a second member (cylinder bottom side
cylindrical member 68) fastened to the mounting .unit 10B and at least one of the
output end and the main body of the actuator (specifically the main body, more
specifically the cylinder bottom 40b1) are formed with a gap (rod head side gap 603,
cylinder bottom side gap 663) therebetween that acts as the displacement absorber.

In the system, the first connecting portion comprises an upper side
connecting portion 52j located at an uﬁper position of the mounting unit 10B and a
lower side connecting portion 54; located at a lower position of the inounting unit 10B
such that the displacement absorber is each installed at the upper side connecting
portion 52] and the lower side connecting portion 543, and the actuator is located at a
position midway (more precisely middle or thereabout) of the upper side connecting
portion 52j and the lower side connecting portion 54j in such a manner that the second
connecting portion and the third connecting portion are located at the position midway
(more precisely middle or thereabout) of the upper side connecting portion 52j and the
lower side connecting portion 54j such that an amount of the displacement decreases.

- It should be noted in the above that, although the hydraulic cylinder is
used as the actuator to rotate the swivel shaft 50, the invention should not be limited
thereto and a hydraulic motor, an electric. motor or some similar factors may be used
as the actuator. '

It should also be noted in the above that, although the rod head 40al of
the steering hydraulic cylinder 40 and the outboard motor main unit 10A, and the
cylinder bottom 40bl and the mounting unit 10B (more specifically the swivel case
12) are respectively connected by the cylindrical members 62 and 68, it is
alternatively possible to connect them by a ball joint or some similar factors. \

It should further be noted in the above that, although the displacement

absorber installed at the rod head side connecting portion 40aj and the cylinder bottom
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side connecting portion 40bj are made the same, 1t 1s alternatively possible to make the
absorbers different from each other. For example, the rod head side connecting portion
40aj is nstalled with the rod head side rubber member 60, but the cylinder bottom side
connecting portion 40bj may be installed with cylinder bottom side spring 662.
5  Further, the displacement absorber may be installed at only one of the rod head side
connecting portion 40aj and the cylinder bottom side connecting portion 40b;.

It should further be noted in the above that. the rod head side rubber
member 60 and the cylinder bottom side rubber member 66 are used in the fourth
embodiment as the absorber foy absorbing the displacement of the outboard motor

10 main unit 10A relative to the m.ounting unit 10B, the rod head side spring 602 and the
cylinder bottom side spring 662 may instead be used, or the rod head side gap 603 and
the cylinder bottom side gap 663 may instead be formed (used).

If the springs 602 and 662 are used, since the capacity of the springs for
absorbing the stress can be made smaller, 1t becomes possible to make them smaller

15 and hence, make the structure simpler. If the gaps 603 and 663 are formed, since the
width can be made smaller, it becomes possible to decrease plays and hence, to
improve the steering feeling.

While the invention has thus been shown and described with reference
to specific embodiments, it should be noted that the inventiqn 1S in no way hmited to

20 the details of the described arrangements; changes and modifications may be made

without departing from the scope of the appended claims.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

I. A steering system for an outboard motor mounted on a stern of a boat and
including an outboard motor main unit having an internal combustion engine at its
upper portion and a propeller with a rudder at its lower portion powered by the engine

to propel and steer the boat, comprising:

a mounting unit mounting the outboard motor main unit on the stern of the boat
and having at least a swivel shaft installed in the outboard motor. and a swivel case

rotatably accommodating the swivel shaft;

a vibration attenuator installed at a. first connecting portion connecting the
outboard motor main unit and the mouﬁting unit and attenuating vibration of the
outboard motor main unit to be transmitted to the mounting unit by causing the
outboard motor main unit to displace relative to the mounting unit;

an actuator rotating the swivel shaft to turn the propeller relative to the boat,
the actuator having a main body and an output end to be movable from the main body,
one of the main body and the output end of which being connected to the outboard
motor main unit at a second connecting portion, whilst other of the main body and the
output end of which being connected to the mounting unit at a third connecting
portion; and

a displacement absorber installed at least one of the second connecting portion
and the third connecting portion and absorbing the displacement of the outboard motor

main unit relative to the mounting unit.

2. A system according to claim 1, wherein the displacement absorber

comprises an elastic member.

3. A system according to claim 1, wherein the displacement absorber
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COMPprises a spring.

4. A system according to claim 1, 2 or 3, wherein at least one of a first member
fastened to the outboard motor main unit and at least one of the output end and the
main body of the actuator and a second member fastened to the mounting unit and at
least one of the output end and the main body of the actuator are formed with a gap

therebetween that acts as the displacement absorber.

5. A system according to any one of claims 1to4, wherein the first connecting

portion comprises an upper side connecting portion located at an upper position of the

mounting unit and a lower side connecting portion located at a lower position of the
mounting unit such that the displacement absorber 1s each installed at the upper side
connecting port'ion and the lower side connecting portion, and the actuator 1s located
at a position midway of the upper side connecting portion and the lower side
connecting portion in such a manner that the second connecting portion and the third
connecting portion are located at the position midway of the upper side connecting
portion and the lower side connecting portion such that an amount of the displacement

decreases.

6. A steering system for an outboard motor mounted on a stern of a boat and
including an outboard motor main unit having an internal combustion engine at its
upper portion and a propeller with a rudder at its lower portion powered by the engine

to propel and steer the boat, comprising:

a mounting unit mounting the outboard motor main unit on the stern of the boat
and having at least a swivel shaft installed in the outboard motor, and a swivel case

rotatably accommodating the swivel shaft;
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a vibration attenuator installed at a first éonnecting portion connecting the
outboard motor mam unit and the mounting unit 'and attenuating vibration of the
outboard motor main unit to be transmitted to the mounting unit by causing the
outboard motor main unt to displace relative to the mounting unit;

an actuator rotating the swivel shaft to turn the propeller relative to the boat,
the actuator having a main body and an output end to be movable from the main body,
one of the main body and the output end of which being connected to the outboard
motor main unit at a second connecting portion, whilst other of the main body and the
output end of which being connected to the mounting unit at a third connecting
portion; and

displacement absorbers installed at the second connecting portion and the

third connecting portion and absorbing the displacement of the outboard motor main

unit relative to the mounting unit.

7. A system according to claim 6, wherein the displacement absorbers

comprise elastic members.

8. A system according to claim 6, wherein the displacement absorbers

COMPTISE SPrings.

9. A system according to claim 6, 7 or 8, wherein a first member fastened to the

outboard motor main unit and at least one of the output end and the main body of the

actuator and a second member fastened to the mounting unit and at least one of the

output end and the main body of the actuator are formed with gaps therebetween that

ol



CA 02457733 2006-08-15

act as the displacement absorbers.

10. A system according to any one of claims 6 to 9, wherein the first connecting

portion comprises an upper side connecting portion located at an upper position of the

mounting unit and a lower side connecting portion located at a lower position of the
mounting unit such that the displacement absorber 1s each installed at the upper side
connecting portibn and the lower stde connecting portion, and the actuator is located
at a position midway of the upper side connecting portion and the lower side
connecting portion in such a manner that the second connecting portion and the third
connecting portion are Jocated at the position midway of the upper side connecting

portion and the lower side connecting portion such that an amount of the displacement

decreases.
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