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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a vessel pro-
pulsion apparatus.

2. Description of the Related Art

[0002] A vessel propulsion apparatus having normal
rotation specifications and a vessel propulsion apparatus
having reverse rotation specifications are known. A pro-
peller having normal rotation specifications that gener-
ates a thrust in a forward direction by rotating in a normal
rotation direction is attached to the vessel propulsion ap-
paratus having normal rotation specifications. On the oth-
er hand, a propeller having reverse rotation specifications
that generates a thrust in the forward direction by rotating
in a reverse rotation direction opposite to the normal ro-
tation direction is attached to the vessel propulsion ap-
paratus having reverse rotation specifications.
[0003] A conventional vessel propulsion apparatus
disclosed in U.S. Patent Number 7, 297, 036 is a vessel
propulsion apparatus having normal rotation specifica-
tions (which is hereinafter referred to simply as a "normal-
rotation vessel propulsion apparatus"), whereas a con-
ventional vessel propulsion apparatus disclosed in Jap-
anese Published Unexamined Patent Application No.
H11-263294 is a vessel propulsion apparatus having re-
verse rotation specifications (which is hereinafter re-
ferred to simply as a "reverse-rotation vessel propulsion
apparatus"). Additionally, a conventional vessel propul-
sion apparatus disclosed in Japanese Published Unex-
amined Patent Application No. S63-258295 is a vessel
propulsion apparatus having normal/reverse rotation
specifications (which is hereinafter referred to simply as
a "normal/reverse-rotation vessel propulsion apparatus")
that is capable of being used both according to normal
rotation specifications and according to reverse rotation
specifications.
[0004] The normal-rotation vessel propulsion appara-
tus of U.S. Patent Number 7,297,036 includes a pinion
(drive gear) that rotates together with a drive shaft, a first
gear and a second gear that engage with the pinion, a
dog clutch that is selectively connected to one of the first
and second gears, andapropeller shaft that rotates to-
gether with the dog clutch. A propeller having normal
rotation specifications (which is hereinafter referred to
simply as a "normal-rotation propeller") is attached to the
propeller shaft. When the dog clutch is connected to the
first gear serving as a forward gear, the propeller shaft
and the propeller rotate in a normal rotation direction. On
the other hand, when the dog clutch is connected to the
second gear serving as a reverse gear, the propeller shaft
and the propeller rotate in a reverse rotation direction.
Therefore, the rotation direction of the propeller is

switched by the dog clutch. The first gear holds the pro-
peller shaft via a tapered roller bearing disposed between
the first gear and the propeller shaft, whereas the second
gear is held by a housing via a ball bearing (e.g., see
FIG. 12).
[0005] The reverse-rotation vessel propulsion appara-
tus of Japanese Published Unexamined Patent Applica-
tion No. H11-263294 includes a pinion that rotates to-
gether with a drive shaft, a first gear (reverse gear) and
a second gear (forward gear) that engage the pinion, a
dog clutch that is selectively connected to one of the first
and second gears, and a propeller shaft that rotates to-
gether with the dog clutch. A propeller having reverse
rotation specifications (which is hereinafter referred to
simply as a "reverse-rotation propeller") is attached to
the propeller shaft. When the dog clutch is connected to
the second gear serving as a forward gear, the propeller
shaft and the propeller rotate in a reverse rotation direc-
tion. On the other hand, when the dog clutch is connected
to the first gear serving as a reverse gear, the propeller
shaft and the propeller rotate in a normal rotation direc-
tion. Therefore, the rotation direction of the propeller is
switched by the dog clutch. The first gear is supported
by a lower case via a roller bearing, whereas the second
gear is supported by a housing via a tapered roller bear-
ing (e.g., see FIG. 16).
[0006] The normal/reverse-rotation vessel propulsion
apparatus of Japanese Published Unexamined Patent
Application No. S63-258295 includes a pinion (gear) that
rotates together with a drive shaft, a first gear (reverse
gear) and a second gear (forward gear) that engage the
pinion, a dog clutch that is selectively connected to one
of the first and second gears, and a propeller shaft that
rotates together with the dog clutch. A normal-rotation or
reverse-rotation propeller is attached to the propeller
shaft. When the dog clutch is connected to the first gear,
the propeller shaft and the propeller rotate in a normal
rotation direction. On the other hand, when the dog clutch
is connected to the second gear, the propeller shaft and
the propeller rotate in a reverse rotation direction. There-
fore, the rotation direction of the propeller is switched by
the dog clutch. Each of the first and second gears sur-
rounds the propeller shaft, and is in a non-contact state
with respect to the propeller shaft. US 5,601,464 A dis-
closes a vessel propulsion apparatus comprising a first
shaft that is rotationally driven, a drive gear connected
to the first shaft, a tubular first driven gear that engages
the drive gear and is pressed forwardly, a tubular second
driven gear that engages the drive gear and is pressed
backwardly, a dog clutch that is switchable by a shift op-
eration between a connected state in which said dog
clutch is connected to one of the first driven gear and the
second driven gear and a non-connected state in which
the dog clutch is not connected to either of the first driven
gear and the second driven gear, a second shaft that is
inserted in the first driven gear and in the second driven
gear, that is connected to the dog clutch, and that is ar-
ranged to undergo a thrust, a first bearing disposed be-
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tween the first driven gear and the second shaft, a second
bearing disposed between the second driven gear and
the second shaft, and a case.

SUMMARY OF THE INVENTION

[0007] The invention is defined in the annexed claims.
The inventor of the present invention described and
claimed in the present application conducted an exten-
sive study and research regarding a vessel propulsion
apparatus, such as the one described above, and in doing
so, discovered and first recognized new unique challeng-
es and previously unrecognized possibilities for improve-
ments as described in greater detail below.
[0008] In detail, the normal-rotation vessel propulsion
apparatus and the reverse-rotation vessel propulsion ap-
paratus include lower units, respectively, that differ from
each other in structure. Therefore, components for use
in the lower unit having normal rotation specifications dif-
fer from components for use in the lower unit having re-
verse rotation specifications, thus making it impossible
to achieve a reduction in cost by making these compo-
nents as dual-use components. Additionally, a retail out-
let for such vessel propulsion apparatuses is required to
stock components for use in the lower unit having normal
rotation specifications and components for use in the low-
er unit having reverse rotation specifications as spare
components used for repairs, and therefore the stock will
be increased.
[0009] As described above, the normal-rotation or re-
verse-rotation vessel propulsion apparatus can rotate the
propeller both in the normal rotation direction and in the
reverse rotation direction by switching the dog clutch.
Therefore, in principle, the normal-rotation vessel pro-
pulsion apparatus can be used according to reverse ro-
tation specifications by attaching a reverse-rotation pro-
peller to the normal-rotation vessel propulsion apparatus.
Likewise, in principle, the reverse-rotation vessel propul-
sion apparatus can be used according to normal rotation
specifications by attaching a normal-rotation propeller to
the reverse-rotation vesselpropulsion apparatus. How-
ever, as described below with regard to the durability of
gears, there is a possibility that the durability of gears
(pinion, first gear, and second gear) will be decreased if
the vessel propulsion apparatus including one of the two
different kinds of specifications is used according to the
other of the two different kinds of specifications.
[0010] In the normal-rotation or reverse-rotation vessel
propulsion apparatus, the first gear and the second gear
are disposed in front of and behind the pinion, respec-
tively. The pinion always engages the first gear and the
second gear, and, when the rotation of the pinion is trans-
mitted to the first gear and to the second gear, the first
and second gears rotate in mutually opposite directions.
When the propeller is rotated, the dog clutch is connected
to one of the first and second gears. Therefore, in the
normal-rotation or reverse-rotation vessel propulsion ap-
paratus, the first and second gears have the necessity

of being capable of relatively rotating with respect to both
the lower case and the propeller shaft. Therefore, it is
difficult to fix the position of the first gear and that of the
second gear. In other words, it is difficult to hold the first
and second gears so as not to perform an operation other
than rotation. Therefore, as described below, there is a
possibility that the first and second gears are inclined or
are moved in an axial direction of the propeller shaft,
depending on how to use the vessel propulsion appara-
tus.
[0011] FIG. 12 shows a state of a lower unit when the
vessel travels forwardly with the normal-rotation vessel
propulsion apparatus. As shown in FIG. 12, when the
normal-rotation vessel propulsion apparatus generates
a thrust in the forward direction, a dog clutch is engaged
with a first gear serving as a forward gear (see the black
arrow). As a result, the rotation of a drive shaft is trans-
mitted to the dog clutch via a pinion and the first gear. A
normal-rotation propeller rotates in a normal rotation di-
rection together with the dog clutch and a propeller shaft.
A thrust in the forward direction generated by the rotation
of the propeller in the normal rotation direction is trans-
mitted to the propeller shaft, a tapered roller bearing, a
circlip, the first gear, an outer tapered roller bearing, and
a lower case in this order (see the white arrow). On the
other hand, a reaction force caused by the transmission
of power from the pinion to the first gear is applied to the
first gear at an engagement position of the pinion and
the first gear (see the crosshatched arrow). As a result,
a force by which the first gear is inclined is applied to the
first gear. However, the position of the first gear is fixed
by the transmission of a thrust in the forward direction to
the first gear via the tapered roller bearing, and therefore
the first gear will not be easily inclined even if a reaction
force is applied to the first gear. Therefore, the engage-
ment between the pinion and the first gear becomes sta-
ble, and a force greater than a designed, assumed value
is prevented from being applied to the first gear.
[0012] FIG. 13 shows a state of the lower unit when
the vessel travels backwardly with the normal-rotation
vessel propulsion apparatus. As shown in FIG. 13, when
the normal-rotation vessel propulsion apparatus gener-
ates a thrust in a backward direction, the dog clutch is
engaged with the second gear serving as a reverse gear
(see the black arrow). As a result, the rotation of the drive
shaft is transmitted to the dog clutch via the pinion and
the second gear. The normal-rotation propeller rotates
in a reverse rotation direction together with the dog clutch
and the propeller shaft. A thrust in the backward direction
generated by the rotation of the propeller in the reverse
rotation direction is transmitted to the propeller shaft and
the housing in this order (see the white arrow). On the
other hand, a reaction force caused by the transmission
of power from the pinion to the second gear is applied to
the second gear at an engagement position of the pinion
and the second gear (see the crosshatched arrow). How-
ever, when the vessel travels backwardly, torque trans-
mitted from the pinion to the second gear is smaller than
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when the vessel travels forwardly, and therefore a reac-
tion force applied to the second gear is also smaller.
Therefore, the amount of inclination of the second gear
is smaller than when the vessel travels forwardly.
[0013] FIG. 14 shows a state of the lower unit when
the vessel travels forwardly in a case in which the normal-
rotation vessel propulsion apparatus is used as a re-
verse-rotation vessel propulsion apparatus being in a
non-ordinary use state. As shown in FIG. 14, when the
normal-rotation vessel propulsion apparatus used ac-
cording to reverse rotation specifications generates a
thrust in the forward direction, the dog clutch is engaged
with the second gear serving as a forward gear (see the
black arrow). As a result, the rotation of the drive shaft
is transmitted to the dog clutch via the pinion and the
second gear, and the reverse-rotation propeller rotates
in the reverse rotation direction together with the dog
clutch and the propeller shaft. A thrust in the forward di-
rection generated by the rotation of the propeller in the
reverse rotation direction is transmitted to the propeller
shaft, the tapered roller bearing, the circlip, the first gear,
the outer tapered roller bearing, and the lower case in
this order (see the white arrow). On the other hand, a
reaction force caused by the transmission of power from
the pinion to the second gear is applied to the second
gear (see the crosshatched arrow). This reaction force
is applied to a ball bearing, and, as a result, the second
gear is greatly inclined by the inclination of the ball bear-
ing (see the hatched arrow). Therefore, there is a possi-
bility that the engagement between the pinion and the
second gear will become unstable, and a force greater
than a designed, assumed value will be applied to the
engagement position of the pinion and the second gear.
[0014] FIG. 15 shows a state of the lower unit when
the vessel travels backwardly in a case in which the nor-
mal-rotation vessel propulsion apparatus is used as a
reverse-rotation vessel propulsion apparatus being in a
non-ordinary use state. As shown in FIG. 15, when the
normal-rotation vessel propulsion apparatus used ac-
cording to reverse rotation specifications generates a
thrust in the backward direction, the dog clutch is en-
gaged with the first gear serving as a reverse gear (see
the black arrow). As a result, the rotation of the drive shaft
is transmitted to the dog clutch via the pinion and the first
gear, and the reverse-rotation propeller rotates in the nor-
mal rotation direction together with the dog clutch and
the propeller shaft. A thrust in the backward direction
generated by the rotation of the propeller in the normal
rotation direction is transmitted to the propeller shaft, the
tapered roller bearing, and the housing in this order (see
the white arrow). On the other hand, a reaction force
caused by the transmission of the rotation from the pinion
to the first gear is applied to the first gear at an engage-
ment position of the pinion and the first gear (see the
crosshatched arrow). However, when the vessel travels
backwardly, the reaction force applied to the first gear is
small, and therefore the amount of inclination of the first
gear is small.

[0015] FIG. 16 shows a state of the lower unit when
the vessel travels forwardly with the reverse-rotation ves-
sel propulsion apparatus. As shown in FIG. 16, when the
reverse-rotation vessel propulsion apparatus generates
a thrust in the forward direction, the second gear serving
as a forward gear is engaged with the dog clutch (see
the black arrow). As a result, the rotation of the drive shaft
is transmitted to the dog clutch via the pinion and the
second gear, and the reverse-rotation propeller rotates
in the reverse rotation direction together with the dog
clutch and the propeller shaft. In the reverse-rotation ves-
sel propulsion apparatus, a thrust generated by the ro-
tation of the propeller is transmitted via a flange attached
to the propeller shaft. A thrust in the forward direction
generated by the rotation of the propeller in the reverse
rotation direction is transmitted to the propeller shaft, the
tapered roller bearing, and the housing in this order (see
the white arrow). On the other hand, a reaction force
caused by the transmission of power from the pinion to
the second gear is applied to the second gear at an en-
gagement position of the pinion and the second gear (see
the crosshatched arrow). The direction of the thrust ap-
plied to the tapered roller bearing via the propeller shaft
is opposite to the direction of the reaction force applied
to the tapered roller bearing via the second gear. How-
ever, the reaction force applied to the second gear is
sufficiently smaller than the magnitude of the thrust ap-
plied in the forward direction, and therefore the axial cent-
er of the tapered roller bearing becomes stable, and the
position of the second gear is fixed. Therefore, the sec-
ond gear is restrained from being inclined or being moved
in the axial direction.
[0016] FIG. 17 shows a state of the lower unit when
the vessel travels backwardly with the reverse-rotation
vessel propulsion apparatus. As shown in FIG. 17, when
the reverse-rotation vessel propulsion apparatus gener-
ates a thrust in the backward direction, the dog clutch is
engaged with the first gear serving as a reverse gear
(see the black arrow). As a result, the rotation of the drive
shaft is transmitted to the dog clutch via the pinion and
the first gear, and the reverse-rotation propeller rotates
in the normal rotation direction together with the dog
clutch and the propeller shaft. A thrust in the backward
direction generated by the rotation of the propeller in the
normal rotation direction is transmitted to the propeller
shaft, a thrust bearing, and the housing in this order (see
the white arrow). On the other hand, a reaction force
caused by the transmission of power from the pinion to
the first gear is applied to the first gear at an engagement
position of the pinion and the first gear (see the cross-
hatched arrow). However, the reaction force applied to
the first gear is small when the vessel travels backwardly,
and therefore the amount of inclination of the first gear
is small.
[0017] FIG. 18 shows a state of the lower unit when
the vessel travels forwardly in a case in which the re-
verse-rotation vessel propulsion apparatus is used as a
normal-rotation vessel propulsion apparatus being in a
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non-ordinary use state. As shown in FIG. 18, when the
reverse-rotation vessel propulsion apparatus used ac-
cording to normal rotation specifications generates a
thrust in the forward direction, the dog clutch is engaged
with the first gear serving as a forward gear (see the black
arrow). As a result, the rotation of the drive shaft is trans-
mitted to the dog clutch via the pinion and the first gear,
and the normal-rotation propeller rotates in the normal
rotation direction together with the dog clutch and the
propeller shaft. A thrust in the forward direction generated
by the rotation of the propeller in the normal rotation di-
rection is transmitted to the propeller shaft, the tapered
roller bearing, and the housing in this order (see the white
arrow). At that time, the rotation direction of the propeller
shaft and the rotation direction of the tapered roller bear-
ing that supports the second gear are inverted, and there-
fore the flange of the propeller shaft rotates against the
tapered roller bearing. Therefore, wearing of the flange
and the tapered roller bearing occurs.
[0018] FIG. 19 shows a state of the lower unit when
the vessel travels backwardly in a case in which the re-
verse-rotation vessel propulsion apparatus is used as a
normal-rotation vessel propulsion apparatus being in a
non-ordinary use state. As shown in FIG. 19, when the
reverse-rotation vessel propulsion apparatus used ac-
cording to normal rotation specifications generates a
thrust in the backward direction, the dog clutch is en-
gaged with the second gear serving as a reverse gear
(see the black arrow). As a result, the rotation of the drive
shaft is transmitted to the dog clutch via the pinion and
the second gear, and the normal-rotation propeller ro-
tates in the reverse rotation direction together with the
dog clutch and the propeller shaft. A thrust in the back-
ward direction generated by the rotation of the propeller
in the reverse rotation direction is transmitted to the pro-
peller shaft, the thrust bearing, and the housing in this
order (see the white arrow). At this time, unlike a case in
which the vessel travels forwardly in the ordinary use,
only the reaction force caused by the transmission of the
rotation from the pinion to the second gear is applied to
the second gear (see the crosshatched arrow), and there-
fore the axial center of the tapered roller bearing is not
stabilized, and the second gear becomes unstable, and,
as a result, the amount of inclination thereof is increased
(see the hatched arrow).
[0019] As described above, there is a possibility that
the displacement of gears, i.e., the inclination or move-
ment in the axial direction of gears will occur, and the
durability of these gears will be decreased if the vessel
propulsion apparatus having one of the two different
kinds of specifications is used according to the other of
the two different kinds of specifications. For example, it
is conceivable that a decrease in durability of gears can
be prevented if the gears are enlarged. However, if the
gears are enlarged, the lower unit of the vessel propulsion
apparatus is enlarged, and, as a result, the resistance of
water is increased. Therefore, it is preferable to decrease
the amount of displacement of each gear as much as

possible without enlarging the lower unit of the vessel
propulsion apparatus.
[0020] It is conceivable that the gear displacement will
be prevented by fixing the position of the first gear and
that of the second gear. In other words, the inclination or
the like of the first and second gears will not occur if the
position of the first gear and that of the second gear are
fixed, i.e., if the first and second gears are held so as not
to perform an operation other than the rotation thereof.
However, as described above, the first and second gears
must be capable of relatively rotating with respect to both
the propeller shaft and the lower case. Therefore, in the
conventional vessel propulsion apparatuses, the position
of the first gear and that of the second gear are not fixed.
[0021] For example, in the normal-rotation vessel pro-
pulsion apparatus of U.S. Patent Number 7,297,036, a
thrust in the forward direction is transmitted to the pro-
peller shaft, the tapered roller bearing, and the first gear
in this order when the vessel travels forwardly in the or-
dinary use, and therefore the position of the first gear is
fixed when the vessel travels forwardly. However, the
position of the first gear is not fixed when a thrust in the
forward direction is generated by using this normal-rota-
tion vessel propulsion apparatus according to reverse
rotation specifications. In other words, the vessel propul-
sion apparatus is required to have an intrinsic function
to relatively rotate the first and second gears with respect
to, for example, the propeller shaft and a function that
conflicts with this intrinsic function, i.e., a function to fix
the position of the first gear and that of the second gear.
To realize these two functions, conventionally, a normal-
rotation vessel propulsion apparatus and a reverse-rota-
tion vessel propulsion apparatus have been provided,
and these vessel propulsion apparatuses having the two
different kinds of specifications have been used properly
according to circumstances.
[0022] Thus, it is difficult in practice to use the vessel
propulsion apparatus having one of the two different
kinds of specifications according to the other one al-
though it is possible in principle. Although Japanese Pub-
lished Unexamined Patent Application No. S63-258295
discloses the normal/reverse-rotation vessel propulsion
apparatus, there is a possibility that the first and second
gears will be inclined or moved in the axial direction in
the same way as above. Therefore, there is a possibility
that the durability of the gears will be decreased.
[0023] In order to overcome the previously unrecog-
nized and unsolved challenges described above, the
present invention provides a vessel propulsion apparatus
that includes a first shaft, a drive gear, a first driven gear,
a second driven gear, a dog clutch, a second shaft, a first
bearing, a second bearing, a case, and an adjusting
member. The first shaft is a rotationally driven shaft. The
drive gear is connected to the first shaft. The first driven
gear and the second driven gear are tubular gears that
engage the drive gear. The dog clutch is switched by a
shift operation between a connected state in which the
dog clutch is connected to one of the first driven gear and
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the second driven gear and a non-connected state in
which the dog clutch is not connected to both the first
driven gear and the second driven gear. The second shaft
is inserted in the first driven gear and in the second driven
gear, is connected to the dog clutch, and is arranged to
undergo a thrust. The first bearing is disposed between
the first driven gear and the second shaft. The second
bearing is disposed between the second driven gear and
the second shaft. The case contains the drive gear, the
first driven gear, the second driven gear, the dog clutch,
the first bearing, and the second bearing. A thrust applied
to the second shaft is transmitted to the case via the first
bearing and the first driven gear or via the second bearing
and the second driven gear. The adjusting member is
disposed between the second shaft and at least one of
the first driven gear and the second driven gear, and is
arranged to apply a preload onto the first bearing and the
second bearing.
[0024] With this arrangement of the present preferred
embodiment of the present invention, the first shaft is
rotationally driven, and hence the first driven gear and
the second driven gear are rotationally driven by the drive
gear. Additionally, the dog clutch is connected to one of
the first driven gear and the second driven gear, and
hence the rotation of one of the driven gears is transmit-
ted to the second shaft via the dog clutch. Therefore, the
rotation of the first shaft is transmitted to the second shaft
via the drive gear and so forth. The second shaft is in-
serted in the first driven gear and in the second driven
gear. The first bearing is disposed between the first driven
gear and the second shaft, whereas the second bearing
is disposed between the second driven gear and the sec-
ond shaft. A preload is applied onto the first bearing and
onto the second bearing by the adjusting member dis-
posed between the second shaft and at least one of the
first driven gear and the second driven gear.
[0025] As described above, a preload is applied onto
the first bearing that rotatably supports the first driven
gear and onto the second bearing that rotatably supports
the second driven gear, and therefore an internal gap of
the first bearing and that of the second bearing can be
removed, and the position of the first driven gear and that
of the second driven gear can be fixed. In other words,
the first driven gear and the second driven gear can be
held so as not to perform an operation other than rotation.
Therefore, the engagement between the drive gear and
each gear (i.e., each of the first and second driven gears)
can be prevented from becoming unstable even when
the vessel propulsion apparatus is used according to ei-
ther normal or reverse rotation specifications. This makes
it possible to prevent the durability of the gears from being
decreased. Therefore, the vessel propulsion apparatus
can be used according to either normal or reverse rotation
specifications.
[0026] The position of each of the first and second
gears can be fixed, and the vessel propulsion apparatus
can be used according to either normal or reverse rotation
specifications as described above, and therefore there

is no need to provide special or unique components ex-
clusively for use in each of the two different kinds of spec-
ifications. Therefore, it is possible to reduce the produc-
tion costs and the number of development man-hours of
the vessel propulsion apparatus. Additionally, the retail
outlet of the vessel propulsion apparatus has no need to
stock special or unique components as spare compo-
nents used for repairs for each of the specifications.
Moreover, the first and second bearings and the first and
second driven gears can remove their backlashes by ap-
plying a preload onto the first and second bearings, and
therefore it is possible to prevent the occurrence of an
abnormal noise caused by these backlashes.
[0027] The first bearing may include a first inner race
connected to the second shaft and a first outer race con-
nected to the first driven gear. The second bearing may
include a second inner race connected to the second
shaft and a second outer race connected to the second
driven gear.
[0028] The adjusting member may be disposed be-
tween the first bearing and the second bearing.
[0029] The second shaft may include a flange disposed
between the first bearing and the second bearing, and
the adjusting member may be disposed between the
flange and one of the first bearing and the second bear-
ing.
[0030] The case may define an internal space in which
the first driven gear and the second driven gear are con-
tained and an opening connected to the internal space,
and the second driven gear may be disposed between
the opening and the first driven gear. In this case, the
adjusting member may be disposed between the second
driven gear and the second shaft.
[0031] The first driven gear and the second driven gear
may be the same in shape. That is, the first driven gear
and the second driven gear may be the same type of gear.
[0032] Each of the drive gear, the first driven gear, and
the second driven gear may include a bevel gear.
[0033] Each of the first bearing and the second bearing
may include a tapered roller bearing.
[0034] The first shaft may include a drive shaft that
extends in a vertical direction, and the second shaft may
include a propeller shaft that extends in a horizontal di-
rection.
[0035] The vessel propulsion apparatus may further
include a third bearing disposed between the first driven
gear and the case and a fourth bearing disposed between
the second driven gear and the case.
[0036] Another preferred embodiment of the present
invention provides a vessel propulsion apparatus that in-
cludes a first shaft, a drive gear, a first driven gear, a
second driven gear, a dog clutch, a second shaft, a first
bearing, a second bearing, and a case. The first shaft is
a rotationally driven shaft. The drive gear is connected
to the first shaft. The first driven gear has a tubular shape,
and engages the drive gear, and is pressed forwardly.
The second driven gear has a tubular shape, and engag-
es the drive gear, and is pressed backwardly. The dog
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clutch is switched by a shift operation between a con-
nected state in which the dog clutch is connected to one
of the first driven gear and the second driven gear and a
non-connected state in which the dog clutch is not con-
nected to both the first driven gear and the second driven
gear. The second shaft is inserted in the first driven gear
and in the second driven gear, and is connected to the
dog clutch, and is arranged to undergo a thrust. The first
bearing is disposed between the first driven gear and the
second shaft. The second bearing is disposed between
the second driven gear and the second shaft. The case
contains the drive gear, the first driven gear, the second
driven gear, the dog clutch, the first bearing, and the sec-
ond bearing. A thrust applied to the second shaft is trans-
mitted to the case via the first bearing and the first driven
gear or via the second bearing and the second driven
gear. The vessel propulsion apparatus may further in-
clude an adjusting member arranged to press the first
driven gear forwardly and to press the second driven gear
press backwardly. The adjusting member may be dis-
posed between the second shaft and at least one of the
first driven gear and the second driven gear. The adjust-
ing member may be arranged to apply a preload onto the
first bearing and the second bearing.
[0037] Still another preferred embodiment of the
present invention provides a vessel propulsion apparatus
that includes a first shaft, a drive gear, a first driven gear,
a second driven gear, a dog clutch, a second shaft, a first
bearing, a second bearing, a case, and an adjusting
member. The first shaft is a rotationally driven shaft. The
drive gear is connected to the first shaft. The first driven
gear and the second driven gear are tubular, and engage
the drive gear. The dog clutch is switched by a shift op-
eration between a connected state in which the dog clutch
is connected to one of the first driven gear and the second
driven gear and a non-connected state in which the dog
clutch is not connected to both the first driven gear and
the second driven gear. The second shaft is inserted in
the first driven gear and in the second driven gear, and
is connected to the dog clutch, and is arranged to undergo
a thrust. The first bearing is disposed between the first
driven gear and the second shaft. The second bearing
is disposed between the second driven gear and the sec-
ond shaft. The case contains the drive gear, the first driv-
en gear, the second driven gear, the dog clutch, the first
bearing, and the second bearing. A thrust applied to the
second shaft is transmitted to the case via the first bearing
and the first driven gear or via the second bearing and
the second driven gear. The adjusting member is dis-
posed between the second driven gear and the second
shaft, and is arranged to apply a preload onto the first
bearing and the second bearing. The second shaft in-
cludes a flange disposed between the dog clutch and the
secondbearing. The adjusting member is disposed be-
tween the flange and the second bearing.
[0038] The above and other elements, features, steps,
characteristics and advantages of the present invention
will become more apparent from the following detailed

description of the preferred embodiments with reference
to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039]

FIG. 1 is a plan view of a vessel according to a first
preferred embodiment of the present invention.
FIG. 2 is a side view of the vessel propulsion appa-
ratus according to the first preferred embodiment of
the present invention.
FIG. 3 is a sectional view of a lower unit of the out-
board motor according to the first preferred embod-
iment of the present invention.
FIG. 4 is an enlarged view of a portion of FIG. 3.
FIG. 5 is a view of a slider and a cam according to
the first preferred embodiment of the present inven-
tion, viewed from the direction of arrow V of FIG. 3.
FIG. 6 is a view of the slider and the cam according
to the first preferred embodiment of the present in-
vention, viewed from the direction of arrow VI of FIG.
5.
FIG. 7 is a view for describing a preload applied onto
the first tapered roller bearing and onto the second
tapered roller bearing according to the first preferred
embodiment of the present invention.
FIG. 8 is a sectional view of the lower unit of the
outboard motor according to the first preferred em-
bodiment of the present invention.
FIG. 9 is a sectional view of the lower unit of the
outboard motor according to the first preferred em-
bodiment of the present invention.
FIG. 10 is a sectional view of the lower unit of the
outboard motor according to the first preferred em-
bodiment of the present invention.
FIG. 11 is a sectional view of the lower unit of the
outboard motor according to the first preferred em-
bodiment of the present invention.
FIG. 12 is a sectional view for describing a force
transmission path when a conventional normal-rota-
tion vessel propulsion apparatus generates a thrust
in a forward direction.
FIG. 13 is a sectional view for describing a force
transmission path when a conventional normal-rota-
tion vessel propulsion apparatus generates a thrust
in a backward direction.
FIG. 14 is a sectional view for describing a force
transmission path when the conventional normal-ro-
tation vessel propulsion apparatus is used according
to reverse rotation specifications and generates a
thrust in the forward direction.
FIG. 15 is a sectional view for describing a force
transmission path when the conventional normal-ro-
tation vessel propulsion apparatus is used according
to reverse rotation specifications and generates a
thrust in the backward direction.
FIG. 16 is a sectional view for describing a force
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transmission path when a conventional reverse-ro-
tation vessel propulsion apparatus generates a
thrust in a forward direction.
FIG. 17 is a sectional view for describing a force
transmission path when a conventional reverse-ro-
tation vessel propulsion apparatus generates a
thrust in a backward direction.
FIG. 18 is a sectional view for describing a force
transmission path when the conventional reverse-
rotation vessel propulsion apparatus is used accord-
ing to normal rotation specifications and generates
a thrust in the forward direction.
FIG. 19 is a sectional view for describing a force
transmission path when the conventional reverse-
rotation vessel propulsion apparatus is used accord-
ing to normal rotation specifications and generates
a thrust in the backward direction.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

First Preferred Embodiment

[0040] FIG. 1 is a plan view of a vessel 1 according to
a first preferred embodiment of the present invention.
[0041] The vessel 1 preferably includes a hull 2, two
vessel propulsion apparatuses 3 that generate a thrust,
a handle 4 operated by a vessel operator to steer the
vessel 1, and a remote control 5 operated by the vessel
operator to perform switching between forward traveling
and backward traveling of the vessel 1 and to adjust ves-
sel speed. The handle 4 and the remote control 5 are
disposed at a vessel operating portion 6 provided in the
hull 2. The two vessel propulsion apparatuses 3 are at-
tached to the rear portion of the hull 2. Each vessel pro-
pulsion apparatus 3 is a normal/reverse-rotation vessel
propulsion apparatus that can be used according to both
normal rotation specifications and reverse rotation spec-
ifications. One of the vessel propulsion apparatuses 3 is
used according to normal rotation specifications, and a
normal-rotation propeller 7a that generates a thrust in a
forward direction by rotating in a normal rotation direction
(e.g., clockwise when viewed from behind) is attached
to this vessel propulsion apparatus 3. The other vessel
propulsion apparatus 3 is used according to reverse ro-
tation specifications, and a reverse-rotation propeller 7b
that generates a thrust in the forward direction by rotating
in a reverse rotation direction opposite to the normal ro-
tation direction is attached to this vessel propulsion ap-
paratus 3. The rotation direction and the rotation speed
of each propeller 7 are changed by the remote control 5
operated by the vessel operator.
[0042] FIG. 2 is a side view of the vessel propulsion
apparatus 3 according to the first preferred embodiment
of the present invention.
[0043] The vessel propulsion apparatus 3 includes an
outboardmotor 8 that generates a thrust. The vessel pro-
pulsion apparatus 3 additionally includes a clamping

bracket 9, a swivel bracket 10, and a steering shaft 11.
The swivel bracket 10 is connected to the clamping brack-
et 9. The steering shaft 11 is held by the swivel bracket
10 rotatably around a central axis. The outboard motor
8 is connected to the steering shaft 11. The clamping
bracket 9 is attached to a transom 12 provided at the rear
portion of the hull 2. Therefore, the outboard motor 8 is
attached to the transom 12 via the clamping bracket 9,
the swivel bracket 10, and the steering shaft 11. The out-
board motor 8 is arranged rotatably around the steering
shaft 11 with respect to the clamping bracket 9 and the
swivel bracket 10. The outboard motor 8 laterally rotates
around the steering shaft 11 while the vessel operator is
operating the handle 4. As a result, the vessel 1 is
steered.
[0044] The outboard motor 8 includes an engine 13
that generates power, a drive shaft 14 that is rotationally
driven by the engine 13 in a predetermined direction, and
a propeller shaft 15 to which the rotation of the drive shaft
14 is transmitted. The outboard motor 8 additionally in-
cludes an engine cover 16 in which the engine 13 is
placed, and a casing 17 disposed below the engine cover
16. The casing 17 includes an upper case 18 and a lower
case 19 disposed below the upper case 18. The drive
shaft 14 extends in a vertical direction inside the upper
and lower cases 18 and 19. An upper end portion of the
drive shaft 14 is connected to the engine 13. A lower end
portion of the drive shaft 14 is connected to the propeller
shaft 15 via a gearmechanism 20. The propeller shaft 15
extends in a horizontal direction inside the lower case
19. A rear end portion of the propeller shaft 15 protrudes
backwardly from the lower case 19. The propeller 7 is
connected to the rear end portion of the propeller shaft
15. The propeller 7 is rotationally driven by the engine
13. The propeller 7 rotates in the normal rotation direction
and in the reverse rotation direction together with the
propeller shaft 15.
[0045] FIG. 3 is a sectional view of a lower unit of the
outboard motor 8 according to the first preferred embod-
iment of the present invention, and FIG. 4 is an enlarged
view of a portion of FIG. 3. FIG. 5 is a view of a slider 49
and a cam 51 according to the first preferred embodiment
of the present invention, viewed from the direction of ar-
row V of FIG. 3. FIG. 6 is a view of the slider 49 and the
cam 51 according to the first preferred embodiment of
the present invention, viewed from the direction of arrow
VI of FIG. 5. Hereinafter, reference is made to FIG. 3 and
FIG. 4. Reference to FIG. 5 and FIG. 6 is appropriately
made if necessary.
[0046] The outboard motor 8 includes the gear mech-
anism 20 that transmits the rotation of the drive shaft 14
to the propeller shaft 15. The gear mechanism 20 is con-
tained in an internal space 21 defined inside the lower
case 19. The gear mechanism 20, a housing 37, and so
on are built into the internal space 21 from an opening
22 provided in a rear surface of the lower case 19. The
gear mechanism 20 includes a pinion 23 connected to
the lower end portion of the drive shaft 14, a first gear 24
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and a second gear 25 that engage the pinion 23, and a
dog clutch 26 that is selectively connected to one of the
first and second gears 24 and 25. Each of the pinion 23
and the first and second gears 24 and 25 is, for example,
a bevel gear. The first and second gears 24 and 25 face
each other in a front-rear direction. The dog clutch 26 is
disposed between the first and second gears 24 and 25.
Each of the first and second gears 24, 25 and the dog
clutch 26 is cylindrical, and the propeller shaft 15 is in-
serted in the first and second gears 24, 25 and the dog
clutch 26. The pinion 23 engages the first and second
gears 24 and 25, and therefore, when the pinion 23 ro-
tates, the first and second gears 24 and 25 rotate in mu-
tually opposite directions.
[0047] The first and second gears 24 and 25 are, for
example, the same type of gear. Therefore, the first and
second gears 24 and 25 are the same in shape and in
material. Each of the first and second gears 24 and 25
includes a cylindrical portion 27, a cylindrical tooth portion
28 that has an outer diameter greater than the cylindrical
portion 27, and a cylindrical engagement portion 29 dis-
posed inside the tooth portion 28. The corresponding cy-
lindrical portion 27, tooth portion 28, and engagement
portion 29 are coaxial. The propeller shaft 15 is inserted
inside the cylindrical portions 27, the tooth portions 28,
and the engagement portions 29 of the first and second
gears 24 and 25. The first and second gears 24 and 25
are arranged so as to be relatively rotatable with respect
to the propeller shaft 15 and the lower case 19 via a
plurality of bearings 30 to 35 provided in the outboard
motor 8.
[0048] In detail, the outboard motor 8 includes a cylin-
drical adaptor 36 held by the lower case 19. The cylin-
drical portion 27 of the first gear 24 is inserted in the
adaptor 36 so that the tooth portion 28 of the first gear
24 is located behind the adaptor 36 (i.e., at the right side
in FIGS. 3 and 4). A first roller bearing 30 is disposed
between the adaptor 36 and the cylindrical portion 27 of
the first gear 24, and a first thrust bearing 31 is disposed
between the adaptor 36 and the tooth portion 28 of the
first gear 24. The first gear 24 is rotatably held by the
adaptor 36 via the first roller bearing 30 and the first thrust
bearing 31. Therefore, the first gear 24 is relatively rotat-
able with respect to the lower case 19. A first tapered
roller bearing 32 is disposed between the cylindrical por-
tion 27 of the first gear 24 and the propeller shaft 15. The
propeller shaft 15 is held by the first gear 24 via the first
tapered roller bearing 32. Therefore, the first gear 24 is
relatively rotatable with respect to the propeller shaft 15.
[0049] The outboard motor 8 additionally includes a
cylindrical housing 37 held by the lower case 19. The
cylindrical portion 27 of the second gear 25 is inserted in
the housing 37 so that the tooth portion 28 of the second
gear 25 is located in front of the housing 37 (i.e., at the
left side in FIGS. 3 and 4). A second roller bearing 33 is
disposed between the housing 37 and the cylindrical por-
tion 27 of the second gear 25, and a second thrust bearing
34 is disposed between the housing 37 and the tooth

portion 28 of the second gear 25. The first roller bearing
30 and the second roller bearing 33 preferably are, for
example, the same type of bearing, and the first thrust
bearing 31 and the second thrust bearing 34 are, for ex-
ample, the same type of bearing (roller bearings). The
second gear 25 is rotatably held by the housing 37 via
the second roller bearing 33 and the second thrust bear-
ing 34. Therefore, the second gear 25 is relatively rotat-
able with respect to the lower case 19. A second tapered
roller bearing 35 is disposed between the cylindrical por-
tion 27 of the second gear 25 and the propeller shaft 15.
The propeller shaft 15 is held by the second gear 25 via
the second tapered roller bearing 35. Therefore, the sec-
ond gear 25 is relatively rotatable with respect to the pro-
peller shaft 15.
[0050] The first tapered roller bearing 32 includes a
cylindrical first inner race 38 that surrounds the propeller
shaft 15, a cylindrical first outer race 39 that surrounds
the first inner race 38, and a plurality of first rollers 40
disposed between the first inner race 38 and the first
outer race 39. The first inner race 38 is connected to the
propeller shaft 15, and the first outer race 39 is connected
to the first gear 24. The first rollers 40 are disposed along
a conic surface that tapers toward the front. The first ta-
pered roller bearing 32 is disposed in the first gear 24
(i.e., in the cylindrical portion 27). The first tapered roller
bearing 32 is prevented from moving from the inside of
the first gear 24 by a first circlip 41 and a washer 60
disposed in the first gear 24.
[0051] On the other hand, the second tapered roller
bearing 35 includes a cylindrical second inner race 42
that surrounds the propeller shaft 15, a cylindrical second
outer race 43 that surrounds the second inner race 42,
and a plurality of second rollers 44 disposed between the
second inner race 42 and the second outer race 43. The
second inner race 42 is connected to the propeller shaft
15, and the second outer race 43 is connected to the
second gear 25. The second rollers 44 are disposed
along a conic surface that tapers toward the rear. The
second tapered roller bearing 35 is disposed in the sec-
ond gear 25 (i.e., in the cylindrical portion 27). The second
tapered roller bearing 35 is prevented from moving from
the inside of the second gear 25 by the second circlip 45
and the washer 61 disposed in the second gear 25.
[0052] The dog clutch 26 is disposed between the en-
gagement portion 29 of the first gear 24 and the engage-
ment portion 29 of the second gear 25. The dog clutch
26 includes a first engagement portion 46 that faces the
engagement portion 29 of the first gear 24 and a second
engagement portion 47 that faces the engagement por-
tion 29 of the second gear 25. The dog clutch 26 is con-
nected to the propeller shaft 15 by, for example, a spline.
Therefore, the dog clutch 26 rotates together with the
propeller shaft 15. Additionally, the dog clutch 26 is mov-
able along the propeller shaft 15 in the axial direction of
the propeller shaft 15(in the front-rear direction). The dog
clutch 26 is placed at any shift position of a normal rotation
position at which the engagement portion 29 of the first
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gear 24 engages the first engagement portion 46, a re-
verse rotation position at which the engagement portion
29 of the second gear 25 engages the second engage-
ment portion 47, and a neutral position at which the dog
clutch 26 is spaced away from the first and second gears
24 and 25.
[0053] In detail, the outboard motor 8 includes a shift
mechanism 48 that switches the shift position of the dog
clutch 26. The shift mechanism 48 includes a slider 49
inserted in the front end portion of the propeller shaft 15,
a connection pin 50 that connects the slider 49 and the
dog clutch 26 together, a cam 51 that moves the slider
49 in the front-rear direction, and a shift actuator 52 that
rotates the cam 51. The slider 49 is inserted in an insertion
hole 53 provided in the propeller shaft 15. The insertion
hole 53 extends backwardly from the front end of the
propeller shaft 15 along a central axis of the propeller
shaft 15. The slider 49 is movable in the front-rear direc-
tion along the insertion hole 53. The front end portion of
the slider 49 protrudes forwardly from the front end of the
propeller shaft 15, whereas the rear end portion of the
slider 49 is disposed in a through-hole 54 provided in the
propeller shaft 15. The through-hole 54 perpendicularly
or substantially perpendicularly intersects with the inser-
tion hole 53, and penetrates the propeller shaft 15.
[0054] The connection pin 50 is connected to the slider
49 at the inside of the propeller shaft 15, i.e., at the in-
tersection of the insertion hole 53 and the through-hole
54. The connection pin 50 perpendicularly intersects with
the propeller shaft 15, and both end portions of the con-
nection pin 50 protrude from the propeller shaft 15. Both
end portions of the connection pin 50 are connected to
the dog clutch 26 between the first engagement portion
46 and the second engagement portion 47. The dog
clutch 26 and the slider 49 are connected together so as
to be moved as one in the axial direction of the propeller
shaft 15 via the connection pin 50. The through-hole 54
is a hole that is long in the axial direction of the propeller
shaft 15. The dog clutch 26, the slider 49, and the con-
nection pin 50 are movable in the front-rear direction with-
in the range of the length of the through-hole 54.
[0055] The cam 51 includes a rod portion 55 extending
in the vertical direction and a pin portion 56. The pin por-
tion 56 protrudes downwardly from the rod portion 55.
As shown in FIG. 5, the pin portion 56 is eccentric with
respect to the rod portion 55. As shown in FIGS. 5 and
6, the pin portion 56 is inserted in an annular groove 57
provided on the front endportion of the slider 49. The
annular groove 57 surrounds the front end portion of the
slider 49. The pin portion 56 is inserted in the annular
groove 57 at the right or left of the slider 49. When a shift
operation to switch the traveling direction of the vessel 1
is performed by the vessel operator, the shift actuator 52
rotates the cam 51 around a central axis L1 of the rod
portion 55. The pin portion 56 is eccentric with respect
to the rod portion 55, and therefore, as shown in FIG. 6,
the pin portion 56 moves in the front-rear direction (in the
right-left direction in FIG. 6) while rotating around the

central axis L1 of the rod portion 55 in response to the
rotation of the cam 51. Therefore, the slider 49 moves in
the front-rear direction together with the connection pin
50 and the dog clutch 26 in response to the rotation of
the cam 51. In other words, the dog clutch 26 is placed
at any of the normal rotation position, the reverse rotation
position, and the neutral position by the rotation of the
cam 51.
[0056] In a state in which the dog clutch 26 is placed
at the normal rotation position, the rotation of the drive
shaft 14 transmitted to the first gear 24 via the pinion 23
is transmitted to the dog clutch 26 via the engagement
portion 29 of the first gear 24 and the first engagement
portion 46 of the dog clutch 26. As a result, the propeller
shaft 15 and the propeller 7 rotate in the normal rotation
direction. On the other hand, in a state in which the dog
clutch 26 is placed at the reverse rotation position, the
rotation of the drive shaft 14 transmitted to the second
gear 25 via the pinion 23 is transmitted to the dog clutch
26 via the engagement portion 29 of the second gear 25
and the second engagement portion 47 of the dog clutch
26. As a result, the propeller shaft 15 and the propeller
7 rotate in the reverse rotation direction. In a state in
which the dog clutch 26 is placed at the neutral position
(i.e., the position shown in FIGS. 3 and 4), the dog clutch
26 is not connected to either of the first and second gears
24 and 25, and therefore the rotation of the drive shaft
14 is not transmitted to the propeller shaft 15 and the
propeller 7, and the first and second gears 24 and 25
rotate idle.
[0057] Even in a case in which the vessel propulsion
apparatus 3 is used according to either of the normal and
reverse rotation specifications, the cam 51 is driven in
one rotation direction around the central axis L1 of the
rod portion 55 when a forward shift operation to switch
the traveling direction of the vessel 1 to the forward
traveling is performed by the remote control 5 operated
by the vessel operator. Likewise, even in a case in which
the vessel propulsion apparatus 3 is used according to
either of the normal and reverse rotation specifications,
the cam 51 is driven in the other rotation direction (i.e.,
direction opposite to the one rotation direction) around
the central axis L1 of the rod portion 55 when a backward
shift operation to switch the traveling direction of the ves-
sel 1 to the backward traveling is performed by the remote
control 5 operated by the vessel operator. In other words,
the rotation direction of the cam 51 is predetermined for
each shift operation in spite of whether the vessel pro-
pulsion apparatus 3 is used according to normal or re-
verse rotation specifications. If the rotation direction of
the cam 51 is constant, the moving direction of the slider
49 is inverted between a case in which the pin portion 56
is inserted in the annular groove 57 at the right of the
slider 49 and a case in which the pin portion 56 is inserted
in the annular groove 57 at the left of the slider 49. There-
fore, the direction in which the slider 49 moves when a
shift operation is performed is set according to the inser-
tion position of the pin portion 56 with respect to the an-
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nular groove 57.
[0058] In a case in which the vessel propulsion appa-
ratus 3 is used according to normal rotation specifica-
tions, the pin portion 56 is inserted in the annular groove
57 at the position at which the slider 49 moves forwardly
when a forward shift operation is performed. On the other
hand, in a case in which the vessel propulsion apparatus
3 is used according to reverse rotation specifications, the
pin portion 56 is inserted in the annular groove 57 at the
position at which the slider 49 moves backwardly when
a forward shift operation is performed. In other words, in
a case in which the vessel propulsion apparatus 3 is used
according to reverse rotation specifications, the pin por-
tion 56 is inserted in the annular groove 57 at the position
opposite to that of a case in which the vessel propulsion
apparatus 3 is used according to normal rotation speci-
fications. The specifications of the vessel propulsion ap-
paratus 3 are set according to a method of assembling
the vessel propulsion apparatus 3 as mentioned above
(i.e., according to a direction in which the cam 51 is fitted),
and therefore, even if the vessel propulsion apparatus 3
is used according to either of the specifications, the ves-
sel operator can switch the traveling direction of the ves-
sel 1 to the forward traveling by the same operation, and
can switch the traveling direction thereof to the backward
traveling by the same operation.
[0059] FIG. 7 is a view for describing a preload applied
onto the first tapered roller bearing 32 and onto the sec-
ond tapered roller bearing 35 according to the first pre-
ferred embodiment of the present invention.
[0060] The outboard motor 8 includes an adjusting
member 58 arranged to apply a preload onto the first
tapered roller bearing 32 and onto the second tapered
roller bearing 35. The adjustingmember 58 is disposed
between the second gear 25 and the propeller shaft 15.
The adjusting member 58 is, for example, annular. The
adjusting member 58 includes, for example, a washer.
The adjusting member 58 may include a plurality of mem-
bers (e.g., a shim and a washer). The adjusting member
58 may be integrally provided with the propeller shaft or
with the tapered roller bearing, for example, by molding.
The adjusting member 58 surrounds the propeller shaft
15. The propeller shaft 15 includes an annular flange 59
disposed between the first tapered roller bearing 32 and
the second tapered roller bearing 35. The flange 59 pro-
trudes outwardly from the propeller shaft 15, and extends
in a circumferential direction of the propeller shaft 15 over
the whole circumference. The flange 59 is disposed be-
tween the dog clutch 26 and the second tapered roller
bearing 35. The adjusting member 58 is disposed be-
tween the flange 59 and the second tapered roller bearing
35. The adjusting member 58 is in contact with the flange
59 and with the second tapered roller bearing 35. The
adjusting member 58 and the flange 59 are disposed
inside the second gear 25. A member having a thickness
slightly greater than the gap between the flange 59 and
the second tapered roller bearing 35 is used as the ad-
justing member 58 in order to apply a preload. The ad-

justing member 58 is preferably made of, for example,
carbon tool steel.
[0061] The adjusting member 58 is disposed between
the second inner race 42 and the flange 59, and therefore
the propeller shaft 15 is disposed more forwardly with
respect to the second tapered roller bearing 35 than in a
case in which the adjustingmember 58 is not disposed.
Therefore, the first inner race 38 is pushed forwardly by
the propeller shaft 15, and a preload is applied onto the
first tapered roller bearing 32 (see the white arrow). Ad-
ditionally, the first inner race 38 is pushed forwardly, and,
as a result, the first gear 24 holding the first tapered roller
bearing 32 is pushed forwardly, and the tooth portion 28
of the first gear 24 is pressed against the first thrust bear-
ing 31. An internal gap of the first tapered roller bearing
32 is removed by a preload onto the first tapered roller
bearing 32, and the first tapered roller bearing 32 is re-
strained from being inclined and being moved in the axial
direction. In other words, a preload applied onto the first
tapered roller bearing 32 restrains the displacement of
the first tapered roller bearing 32 and the first gear 24.
[0062] On the other hand, the propeller shaft 15 pushes
the first tapered roller bearing 32 forwardly, and, as a
result, a backward reaction force is applied to the pro-
peller shaft 15, and is then transmitted to the second
inner race 42 via the flange 59 and the adjusting member
58. As a result, the second inner race 42 is pushed back-
wardly, and a preload is applied onto the second tapered
roller bearing 35 (see the white arrow). Additionally, the
second inner race 42 is pushed backwardly, and, as a
result, the second gear 25 holding the second tapered
roller bearing 35 is pushed backwardly, and the tooth
portion 28 of the second gear 25 is pressed against the
second thrust bearing 34. An internal gap of the second
tapered roller bearing 35 is removed by the preload onto
the second tapered roller bearing 35, and the second
tapered roller bearing 35 is restrained from being inclined
and being moved in the axial direction. In other words,
the preload onto the second tapered roller bearing 35
makes it possible to restrain the second tapered roller
bearing 35 and the second gear 25 from being displaced.
[0063] Next, a description will be given of a case in
which the vessel propulsion apparatus 3 is used accord-
ing to normal rotation specifications and a case in which
the vessel propulsion apparatus 3 is used according to
reverse rotation specifications.
[0064] FIGS. 8 to 11 are sectional views of the lower
unit of the outboard motor 8 according to the first pre-
ferred embodiment of the present invention. The vessel
propulsion apparatus 3 shown in FIGS. 8 and 9 is set at
normal rotation specifications, whereas the vessel pro-
pulsion apparatus 3 shown in FIGS. 10 and 11 is set at
reverse rotation specifications. In detail, the pin portion
56 is inserted in the annular groove 57 at the right of the
slider 49 (i.e., innermost side of the figure sheet) in FIGS.
8 and 9, whereas the pin portion 56 is inserted in the
annular groove 57 at the left of the slider 49 (i.e., near
side of the figure sheet) in FIGS. 10 and 11.
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[0065] As shown in FIG. 8, when the vessel propulsion
apparatus 3 set at normal rotation specifications gener-
ates a thrust in the forward direction, the dog clutch 26
is engaged with the first gear 24 serving as a forward
gear (see the black arrow). As a result, the rotation of the
drive shaft 14 is transmitted to the dog clutch 26 via the
pinion 23 and the first gear 24, and the normal-rotation
propeller 7a (see FIG. 1) rotates in the normal rotation
direction together with the dog clutch 26 and the propeller
shaft 15. A thrust in the forward direction generated by
the rotation in the normal rotation direction of the propeller
7 is transmitted to the propeller shaft 15, the first tapered
roller bearing 32, the washer 60, the circlip 41, the first
gear 24, the first thrust bearing 31, the adaptor 36, and
the lower case 19 in this order (see the white arrow). On
the other hand, a reaction force caused by the transmis-
sion of power from the pinion 23 to the first gear 24 is
applied to the first gear 24 at an engagement position of
the pinion 23 and the first gear 24 (see the crosshatched
arrow). In other words, a force by which the first gear 24
is inclined is applied to the first gear 24. However, a thrust
in the forward direction is applied to the first tapered roller
bearing 32, and, in addition, a preload is applied onto the
first tapered roller bearing 32 and the first gear, and there-
fore the position of the first gear 24 is fixed. Therefore,
the amount of inclination of the first gear 24 is minimized.
Therefore, the engagement between the pinion 23 and
the first gear 24 becomes stable, and a force greater than
a designed, assumed value is prevented from being ap-
plied to the first gear 24.
[0066] As shown in FIG. 9, when the vessel propulsion
apparatus 3 set at normal rotation specifications gener-
ates a thrust in the backward direction, the dog clutch 26
is engaged with the second gear 25 serving as a reverse
gear (see the black arrow). As a result, the rotation of the
drive shaft 14 is transmitted to the dog clutch 26 via the
pinion 23 and the second gear 25, and the normal-rota-
tion propeller 7a (see FIG. 1) rotates in the reverse rota-
tion direction together with the dog clutch 26 and the pro-
peller shaft 15. A thrust in the backward direction gener-
ated by the rotation in the reverse rotation direction of
the propeller 7 is transmitted to the propeller shaft 15,
the adjusting member 58, the second tapered roller bear-
ing 35, the washer 61, the circlip 45, the second gear 25,
the second thrust bearing 34, the housing 37, and the
lower case 19 in this order (see the white arrow). On the
other hand, a reaction force caused by the transmission
of the rotation from the pinion 23 to the second gear 25
is applied to the second gear 25 at an engagement po-
sition of the pinion 23 and the second gear 25 (see the
crosshatched arrow). However, when the vessel travels
backwardly, torque transmitted from the pinion 23 to the
second gear 25 is smaller than when the vessel travels
forwardly, and therefore a reaction force applied to the
second gear 25, which is caused by the transmission of
power from the pinion 23 to the second gear 25, is also
smaller. Additionally, a preload is applied onto the second
tapered roller bearing 35 and the second gear 25. There-

fore, the amount of inclination of the second gear 25 is
smaller than when the vessel travels forwardly.
[0067] As shown in FIG. 10, when the vessel propul-
sion apparatus 3 set at reverse rotation specifications
generates a thrust in the forward direction, the dog clutch
26 is engaged with the second gear 25 serving as a for-
ward gear (see the black arrow). As a result, the rotation
of the drive shaft 14 is transmitted to the dog clutch 26
via the pinion 23 and the second gear 25, and the reverse-
rotation propeller 7b (see FIG. 1) rotates in the reverse
rotation direction together with the dog clutch 26 and the
propeller shaft 15. A thrust in the forward direction gen-
erated by the rotation in the reverse rotation direction of
the propeller 7 is transmitted to the propeller shaft 15,
the first tapered roller bearing 32, the washer 60, the
circlip 41, the first gear 24, the first thrust bearing 31, the
adaptor 36, and the lower case 19 in this order (see the
white arrow). On the other hand, a reaction force caused
by the transmission of power from the pinion 23 to the
second gear 25 is applied to the second gear 25 (see the
crosshatched arrow). As a result, a force by which the
second gear 25 is inclined is applied to the second gear
25. However, a preload is applied onto the second ta-
pered roller bearing 35 and the second gear 25, and
therefore the amount of inclination of the second gear 25
is restrained even if the reaction force is applied to the
second gear 25. Therefore, the engagement between
the pinion 23 and the second gear 25 becomes stable,
and a force greater than a designed, assumed value is
prevented from being applied to the second gear 25.
[0068] As shown in FIG. 11, when the vessel propul-
sion apparatus 3 set at reverse rotation specifications
generates a thrust in the backward direction, the dog
clutch 26 is engaged with the first gear 24 serving as a
reverse gear (see the black arrow). As a result, the rota-
tion of the drive shaft 14 is transmitted to the dog clutch
26 via the pinion 23 and the first gear 24, and the reverse-
rotation propeller 7b (see FIG. 1) rotates in the normal
rotation direction together with the dog clutch 26 and the
propeller shaft 15. A thrust in the backward direction gen-
erated by the rotation in the normal rotation direction of
the propeller 7 is transmitted to the propeller shaft 15,
the adjusting member 58, the second tapered roller bear-
ing 35, the washer 61, the circlip 45, the second gear 25,
the second thrust bearing 34, the housing 37, and the
lower case 19 in this order (see the white arrow). On the
other hand, a reaction force caused by the transmission
of power from the pinion 23 to the first gear 24 is applied
to the first gear 24 at an engagement position of the pinion
23 and the first gear 24 (see the crosshatched arrow).
However, a preload is applied onto the first tapered roller
bearing 32 and the first gear 24, and the reaction force
applied to the first gear 24 when the vessel travels back-
wardly is small, and therefore the amount of inclination
of the first gear 24 is smaller than when the vessel travels
forwardly.
[0069] As described above, in the first preferred em-
bodiment, the adjusting member 58 is arranged to apply
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a preload onto the first and second tapered roller bearings
32 and 35, and the first gear 24 is pressed forwardly
whereas the second gear 25 is pressed downwardly. As
a result, an internal gap of the first tapered roller bearing
32 and that of the second tapered roller bearing 35 are
removed, and the position of each of the first and second
gears 24 and 25 is fixed. In other words, the first and
second gears 24 and 25 are held so as not to perform
an operation other than rotation. Therefore, the engage-
ment between the pinion 23 and each gear (i.e., each of
the first and second gears 24 and 25) can be prevented
from becoming unstable even when the vessel propul-
sion apparatus 3 is used according to either normal or
reverse rotation specifications. This makes it possible to
prevent the durability of the gears (i.e., the pinion 23, the
first gear 24, and the second gear 25) from being de-
creased. Therefore, the vessel propulsion apparatus 3
can be used according to either normal or reverse rotation
specifications.
[0070] The position of each of the first and second
gears 24 and 25 can be fixed, and the vessel propulsion
apparatus 3 can be used according to either normal or
reverse rotation specifications as described above, and
therefore there is no need to provide special or unique
components exclusively for each of the normal and re-
verse rotation specifications. Therefore, it is possible to
reduce the production costs and the number of develop-
ment man-hours of the vessel propulsion apparatus 3.
Additionally, the retail outlet of the vessel propulsion ap-
paratus 3 has no need to stock special or unique com-
ponents as spare components used for repairs for each
of the normal and reverse rotation specifications. Still ad-
ditionally, the first tapered roller bearing 32, the second
tapered roller bearing 35, the first gear 24, and the second
gear 25 can remove their backlashes by applying a
preload onto the first and second tapered roller bearings
32 and 35, and therefore it is possible to prevent the
occurrence of an abnormal noise caused by these back-
lashes.
[0071] Additionally, the vessel 1 usually travels for-
wardly more often than backwardly. Therefore, in the ves-
sel propulsion apparatus 3 used according to normal ro-
tation specifications, the number of times of use of the
first gear 24 serving as a forward gear (e.g., the number
of times of connection to the dog clutch 26) is greater
than the number of times of use of the second gear 25
serving as a reverse gear. On the other hand, in the ves-
sel propulsion apparatus 3 used according to reverse
rotation specifications, the number of times of use of the
second gear 25 serving as a forward gear is greater than
the number of times of use of the first gear 24 serving as
a reverse gear. Therefore, the first gear 24 is more easily
worn out than the second gear 25 in the vessel propulsion
apparatus 3 used according to normal rotation specifica-
tions, whereas the second gear 25 is more easily worn
out than the first gear 24 in the vessel propulsion appa-
ratus 3 used according to reverse rotation specifications.
[0072] Thus, in the vessel propulsion apparatus 3, the

gear (one of the first and second gears 24 and 25) used
as a forward gear is worn out more easily. Therefore, if
the two first gears 24 are replaced with each other be-
tween the two vessel propulsion apparatuses 3 used ac-
cording to themutuallydifferent specifications and if the
two second gears 25 are replaced with each other ther-
ebetween, the gear used as a forward gear is used as a
reverse gear, and the gear used as a reverse gear is
used as a forward gear. As a result, the first and second
gears 24 and 25 can be used and worn evenly, and there-
fore the product life of the vessel propulsion apparatus
3 can be lengthened. Additionally, if the same vessel pro-
pulsion apparatus 3 is used according to one of the two
different kinds of specifications and is then used accord-
ing to the other one, the first and second gears 24 and
25 can be used and worn evenly. Therefore, the product
life of the vessel propulsion apparatus 3 can be length-
ened.
[0073] Additionally, in the first preferred embodiment,
the lower case 19 defines the internal space 21 in which
the gear mechanism 20 is contained and the opening 22
connected to the internal space 21. The gear mechanism
20 and the housing 37 are built into the internal space
21 from the opening 22. The second gear 25 is disposed
between the opening 22 and the first gear 24. In other
words, the second gear 25 is disposed closer to the open-
ing 22 than the first gear 24. In the production process
of the vessel propulsion apparatus 3, there is a possibility
that the adjusting member 58 that has already been built
in the lower case 19 will be detached and replaced with
another adjusting member 58 having a different thick-
ness, for example, when the vessel propulsion apparatus
3 does not satisfy a predetermined performance. For ex-
ample, when the adjusting member 58 is disposed be-
tween the first gear 24 and the propeller shaft 15, there
is a need to detach a plurality of components including
the housing 37, the second gear 25, and the pinion 23
from the lower case 19 through the opening 22 in order
to change the adjusting member 58. On the other hand,
the second gear 25 is disposed closer to the opening 22
than the first gear 24, and therefore the number of com-
ponents to be detached from the lower case 19 in order
to change the adjusting member 58 is small when the
adjusting member 58 is disposed between the second
gear 25 and the propeller shaft 15. Therefore, the number
of man-hours relative to the change of the adjusting mem-
ber 58 can be decreased by disposing the adjusting mem-
ber 58 between the second gear 25 and the propeller
shaft 15.
[0074] Additionally, in the first preferred embodiment,
the first and second gears 24 and 25 preferably are the
same type of gear, and are the same in shape. Therefore,
the kinds of components used in the vessel propulsion
apparatus 3 can be decreased. As a result, the production
costs and the number of development man-hours of the
vessel propulsion apparatus 3 can be reduced. Addition-
ally, the first and second gears 24 and 25 are the same
in shape, and therefore the first and second gears 24 and
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25 can be used and worn evenly by replacing the first
and second gears 24 and 25 with each other in the same
vessel propulsion apparatus 3 after this vessel propulsion
apparatus 3 has been used during a fixed period of time.
As a result, the product life of the vessel propulsion ap-
paratus 3 can be lengthened.

Other Preferred Embodiments

[0075] Although the first preferred embodiment of the
present invention has been described above, the present
invention is not limited to the contents of the first preferred
embodiment, and can be variously modified within the
scope of the appended claims.
[0076] For example, in the first preferred embodiment,
the vessel 1 is preferably provided with the two vessel
propulsion apparatuses 3 as described above. However,
the number of vessel propulsion apparatuses 3 of the
vessel 1 is not limited to two, and may be one or may be
three or more.
[0077] Additionally, in the first preferred embodiment,
the adjusting member 58 is preferably disposed between
the second gear 25 and the propeller shaft 15 as de-
scribed above. However, the adjusting member 58 may
be disposed between the first gear 24 and the propeller
shaft 15.
[0078] Additionally, in the first preferred embodiment,
the first and second gears 24 and 25 preferably are the
same in shape as described above. However, the first
and second gears 24 and 25 may have mutually different
shapes.
[0079] Additionally, in the first preferred embodiment,
each of the pinion 23, the first gear 24, and the second
gear 25 preferably is a bevel gear as described above.
However, the pinion 23 may be a gear other than the
bevel gear. The same applies to the first and second
gears 24 and 25.
[0080] Additionally, as described above, in the first pre-
ferred embodiment, the first and second roller bearings
30 and 33 preferably are the same type of bearing, where-
as the first and second thrust bearings 31 and 34 are the
same type of bearing. However, the first and second roller
bearings 30 and 33 may have mutually different shapes.
The same applies to the first and second thrust bearings
31 and 34.
[0081] Additionally, in the first preferred embodiment,
each of the first bearing (the first tapered roller bearing
32) supporting the first gear 24 and the second bearing
(the second tapered roller bearing 35) supporting the sec-
ond gear 25 preferably is a tapered roller bearing as de-
scribed above. However, without being limited to the ta-
pered roller bearing, each of the bearings 32 and 35 may
be another type of bearing such as a ball bearing. The
same applies to the bearings 30, 31, 33, and 34 other
than the bearings 32 and 35.
[0082] Additionally, in the first preferred embodiment,
the vessel propulsion apparatus 3 preferably includes
the outboard motor 8 as described above. However, the

vessel propulsion apparatus 3 may be an inboard-out-
board motor. In other words, the vessel propulsion ap-
paratus 3 may be arranged to include an engine disposed
inside the vessel and a propulsion unit disposed outside
the vessel and to generate a thrust by driving the propul-
sion unit via the engine. If so, the first and second gears
24 and 25 may be arranged to be disposed in the pro-
pulsion unit, and the adjusting member 58 may be ar-
ranged to apply a preload onto the first bearing supporting
the first gear 24 and onto the second bearing supporting
the second gear 25.
[0083] Additionally, in the first preferred embodiment,
the insertion position of the pin portion 56 with respect
to the annular groove 57 is preferably changed by wheth-
er the vessel propulsion apparatus 3 is used according
to normal or reverse rotation specifications as described
above (see FIG. 3). However, the insertion position of
the pin portion 56 with respect to the annular groove 57
may be fixed, and the rotation direction of the cam 51 by
the shift actuator 52 (see FIG. 3) may be changed by
whether the vessel propulsion apparatus 3 is used ac-
cording to normal or reverse rotation specifications. In
other words, in Drive-By-Wire (DBW), the specifications
of the vessel propulsion apparatus 3 may be changed by
controlling a direction in which the shift actuator 52(elec-
tric actuator) is operated.
[0084] In detail, if the rotation direction of the cam 51
is fixed, the moving direction of the dog clutch 26 is
changed by the insertion position of the pin portion 56
with respect to the annular groove 57. On the other hand,
the moving direction of the dog clutch 26 is reversed if
the rotation direction of the cam 51 is reversed even when
the insertion position of the pin portion 56 with respect
to the annular groove 57 is fixed. Therefore, the specifi-
cations of the vessel propulsion apparatus 3 may be set
by the rotation direction of the cam 51 by the shift actuator
52. In other words, when the vessel propulsion apparatus
3 is used according to reverse rotation specifications, the
cam 51 may be rotationally driven in a direction opposite
to the direction given when the vessel propulsion appa-
ratus 3 is used according to normal rotation specifica-
tions. If so, a method of assembling the vessel propulsion
apparatus 3 (i.e., a direction in which the cam 51 is fitted)
is not necessarily required to be changed for each of the
normal and reverse rotation specifications.
[0085] While preferred embodiments of the present in-
vention have been described above, it is to be understood
that variations and modifications will be apparent to those
skilled in the art without departing from the scope of the
annexed claims.

Claims

1. A vessel propulsion apparatus (1), comprising:

a first shaft (14) that is rotationally driven;
a drive gear (23) connected to the first shaft (14);
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a tubular first driven gear (24) that engages the
drive gear (23);
a tubular second driven gear (25) that engages
the drive gear (23) ;
a dog clutch (26) that is switchable by a shift
operation between a connected state in which
the dog clutch (26) is connected to one of the
first driven gear (24) and the second driven gear
(25) and a non-connected state in which the dog
clutch (26) is not connected to either of the first
driven gear (24) and the second driven gear
(25) ;
a second shaft (15) that is inserted in the first
driven gear (24) and in the second driven gear
(25), that is connected to the dog clutch (26),
and that is arranged to undergo a thrust;
a first bearing (32) disposed between the first
driven gear (24) and the second shaft (15);
a second bearing (35) disposed between the
second driven gear (25) and the second shaft
(15);
a case (19) that contains the drive gear (23), the
first driven gear (24), the second driven gear
(25), the dog clutch (26), the first bearing (32),
and the second bearing (35); characterised in
that a thrust applied to the second shaft (15) is
transmitted to the case (19) via the first bearing
(32) and the first driven gear (24) or via the sec-
ond bearing (35) and the second driven gear
(25); and
in that it comprises

an adjusting member (58) that is arranged
to press the first driven gear (24) in a first
direction along an axis of the second shaft
(15) and to press the second driven gear
(25) in a second direction along the axis of
the second shaft (15), the second direction
being opposite to the first direction, that is
disposed between the second shaft (15)
and at least one of the first driven gear (24)
and the second driven gear (25), and that
is arranged to apply a preload onto the first
bearing (32) and the second bearing (35).

2. The vessel propulsion apparatus (1) according to
claim 1, wherein the first bearing (32) includes a first
inner race (38) connected to the second shaft (15)
and a first outer race (39) connected to the first driven
gear (24), and the second bearing (35) includes a
second inner race (42) connected to the second shaft
(15) and a second outer race (43) connected to the
second driven gear (25).

3. The vessel propulsion apparatus (1) according to
claim 1, wherein the adjusting member (58) is dis-
posed between the first bearing (32) and the second
bearing (35).

4. The vessel propulsion apparatus (1) according to
claim 3, wherein the second shaft (15) includes a
flange (59) disposed between the first bearing (32)
and the second bearing (35), and the adjusting mem-
ber (58) is disposed between the flange (59) and one
of the first bearing (32) and the second bearing (35).

5. The vessel propulsion apparatus (1) according to
any one of Claims 1, 3 and 4, wherein the case (19)
defines an internal space (21) in which the first driven
gear (24) and the second driven gear (25) are con-
tained and an opening (22) connected to the internal
space (21), and the second driven gear (25) is dis-
posed between the opening (22) and the first driven
gear (24), and the adjusting member (58) is disposed
between the second driven gear (25) and the second
shaft (15) .

6. The vessel propulsion apparatus (1) according to
any one of Claims 1 to 5, wherein the first driven gear
(24) and the second driven gear (25) are the same
in shape.

7. The vessel propulsion apparatus (1) according to
any one of Claims 1 to 6, wherein each of the drive
gear (23), the first driven gear (24), and the second
driven gear (25) includes a bevel gear (23, 24, 25).

8. The vessel propulsion apparatus (1) according to
any one of Claims 1 to 7, wherein each of the first
bearing (32) and the second bearing (35) includes a
tapered roller bearing (32, 35).

9. The vessel propulsion apparatus (1) according to
any one of Claims 1 to 8, wherein the first shaft (14)
includes a drive shaft (14) that extends in a vertical
direction, and the second shaft (15) includes a pro-
peller shaft (15) that extends in a horizontal direction.

10. The vessel propulsion apparatus (1) according to
any one of Claims 1 to 9, further comprising:

a third bearing (30) disposed between the first
driven gear (24) and the case (19); and
a fourth bearing (33) disposed between the sec-
ond driven gear (25) and the case (19).

Patentansprüche

1. Eine Schiffsantriebsvorrichtung (1), die folgende
Merkmale aufweist:

eine erste Welle (14), die drehbar angetrieben
wird;
ein Antriebsgetriebe (23), das mit der ersten
Welle (14) verbunden ist;
ein röhrenförmiges erstes angetriebenes Ge-
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triebe (24), das das Antriebsgetriebe (23) in Ein-
griff nimmt;
ein röhrenförmiges zweites angetriebenes Ge-
triebe (25), das das Antriebsgetriebe (23) in Ein-
griff nimmt;
ein Klauenkupplung (26), die durch eine Schie-
beoperation schaltbar ist zwischen einem ver-
bundenen Zustand, in dem die Klauenkupplung
(26) mit entweder dem ersten angetriebenen
Getriebe (24) oder dem zweiten angetriebenen
Getriebe (25) verbunden ist, und einem nicht
verbundenen Zustand, in dem die Klauenkupp-
lung (26) mit weder dem ersten angetriebenen
Getriebe (24) noch dem zweiten angetriebenen
Getriebe (25) verbunden ist;
eine zweite Welle (15), die in das erste ange-
triebene Getriebe (24) und in das zweite ange-
triebene Getriebe (25) eingefügt ist, die mit der
Klauenkupplung (26) verbunden ist und die an-
geordnet ist, um einen Schub zu erfahren;
ein erstes Lager (32), das zwischen dem ersten
angetriebenen Getriebe (24) und der zweiten
Welle (15) angeordnet ist;
ein zweites Lager (35), das zwischen dem zwei-
ten angetriebenen Getriebe (25) und der zwei-
ten Welle (15) angeordnet ist;
ein Gehäuse (19), das das Antriebsgetriebe
(23), das erste angetriebene Getriebe (24), das
zweite angetriebene Getriebe (25), die Klauen-
kupplung (26), das erste Lager (32) und das
zweite Lager (35) enthält;
dadurch gekennzeichnet, dass ein Schub, der
an die zweite Welle (15) angelegt wird, über das
erste Lager (32) und das erste angetriebene Ge-
triebe (24) oder über das zweite Lager (35) und
das zweite angetriebene Getriebe (25) zu dem
Gehäuse (19) übertragen wird; und
dadurch, dass dasselbe folgendes Merkmal auf-
weist:

ein Einstellbauglied (58), das angeordnet
ist, um das erste angetriebene Getriebe
(24) in einer ersten Richtung entlang einer
Achse der zweiten Welle (15) zu drücken,
und um das zweite angetriebene Getriebe
(25) in einer zweiten Richtung entlang der
Achse der zweiten Welle (15) zu drücken,
wobei die zweite Richtung entgegengesetzt
zu der ersten Richtung ist, das zwischen der
zweiten Welle (15) und zumindest entweder
dem ersten angetriebenen Getriebe (24)
oder dem zweiten angetriebenen Getriebe
(25) angeordnet ist, und die angeordnet ist,
um eine Vorspannung an das erste Lager
(32) und das zweite Lager (35) anzulegen.

2. Die Schiffsantriebsvorrichtung (1) gemäß Anspruch
1, bei der das erste Lager (32) einen ersten inneren

Laufring (38) umfasst, der mit der zweiten Welle (15)
verbunden ist, und einen ersten äußeren Laufring
(39), der mit dem ersten angetriebenen Getriebe (24)
verbunden ist, und das zweite Lager (35) einen zwei-
ten inneren Laufring (42) umfasst, der mit der zwei-
ten Welle (15) verbunden ist, und einen zweiten äu-
ßeren Laufring (43), der mit dem zweiten angetrie-
benen Getriebe (25) verbunden ist.

3. Die Schiffsantriebsvorrichtung (1) gemäß Anspruch
1, bei der das Einstellbauglied (58) zwischen dem
ersten Lager (32) und dem zweiten Lager (35) an-
geordnet ist.

4. Die Schiffsantriebsvorrichtung (1) gemäß Anspruch
3, bei der die zweite Welle (15) einen Flansch (59)
umfasst, der zwischen dem ersten Lager (32) und
dem zweiten Lager (35) angeordnet ist, und das Ein-
stellbauglied (58) zwischen dem Flansch (59) und
entweder dem ersten Lager (32) oder dem zweiten
Lager (35) angeordnet ist.

5. Die Schiffsantriebsvorrichtung (1) gemäß einem der
Ansprüche 1, 3 und 4, bei der das Gehäuse (19)
einen inneren Raum (21) definiert, in dem das erste
angetriebene Getriebe (24) und das zweite angetrie-
bene Getriebe (25) enthalten sind, und eine Öffnung
(22), die mit dem inneren Raum (21) verbunden ist,
und das zweite angetriebene Getriebe (25) zwischen
der Öffnung (22) und dem ersten angetriebenen Ge-
triebe (24) angeordnet ist, und das Einstellbauglied
(58) zwischen dem zweiten angetriebenen Getriebe
(25) und der zweiten Welle (15) angeordnet ist.

6. Die Schiffsantriebsvorrichtung (1) gemäß einem der
Ansprüche 1 bis 5, bei der das erste angetriebene
Getriebe (24) und das zweite angetriebene Getriebe
(25) in der Form gleich sind.

7. Die Schiffsantriebsvorrichtung (1) gemäß einem der
Ansprüche 1 bis 6, bei der sowohl das Antriebsge-
triebe (23), das erste angetriebene Getriebe (24) als
auch das zweite angetriebene Getriebe (25) ein Ke-
gelradgetriebe (23, 24, 25) umfasst.

8. Die Schiffsantriebsvorrichtung (1) gemäß einem der
Ansprüche 1 bis 7, bei der sowohl das erste Lager
(32) als auch das zweite Lager (35) ein sich verjün-
gendes Rollenlager (32, 35) umfassen.

9. Die Schiffsantriebsvorrichtung (1) gemäß einem der
Ansprüche 1 bis 8, bei der die erste Welle (14) eine
Antriebswelle (14) umfasst, die sich in einer vertika-
len Richtung erstreckt, und die zweite Welle (15) eine
Propellerwelle (15) umfasst, die sich in einer hori-
zontalen Richtung erstreckt.

10. Die Schiffsantriebsvorrichtung (1) gemäß einem der

29 30 



EP 2 497 711 B1

17

5

10

15

20

25

30

35

40

45

50

55

Ansprüche 1 bis 9, die ferner folgende Merkmale auf-
weist:

ein drittes Lager (30), das zwischen dem ersten
angetriebenen Getriebe (24) und dem Gehäuse
(19) angeordnet ist; und
ein viertes Lager (33), das zwischen dem zwei-
ten angetriebenen Getriebe (25) und dem Ge-
häuse (19) angeordnet ist.

Revendications

1. Appareil de propulsion de navire (1), comprenant:

un premier arbre (14) qui est entraîné en rota-
tion;
un engrenage d’entraînement (23) connecté au
premier arbre (14);
un premier engrenage mené tubulaire (24) qui
vient en prise avec l’engrenage d’entraînement
(23);
un deuxième engrenage mené tubulaire (25) qui
vient en prise avec l’engrenage d’entraînement
(23);
un embrayage à crabots (26) qui peut être com-
muté par une opération de changement entre
un état connecté dans lequel l’embrayage à cra-
bots (26) est connecté à l’un parmi le premier
engrenage mené (24) et le deuxième engrenage
mené (25) et un état non connecté dans lequel
l’embrayage à crabots (26) n’est pas connecté
à l’un parmi le premier engrenage mené (24) et
le deuxième engrenage mené (25);
un deuxième arbre (15) qui est introduit dans le
premier engrenage mené (24) et dans le deuxiè-
me engrenage mené (25), qui est connecté à
l’embrayage à crabots (26), et qui est aménagé
de manière à subir une poussée;
un premier palier (32) disposé entre le premier
engrenage mené (24) et le deuxième arbre (15);
un deuxième palier (35) disposé entre le deuxiè-
me engrenage mené (25) et le deuxième arbre
(15);
un boîtier (19) qui contient l’engrenage d’entraî-
nement (23), le premier engrenage mené (24),
le deuxième engrenage mené (25), l’embrayage
à crabots (26), le premier palier (32), et le
deuxième palier (35);
caractérisé par le fait que,
une poussée appliquée au deuxième arbre (15)
est transmise au boîtier (19) par l’intermédiaire
du premier palier (32) et du premier engrenage
mené (24) ou par l’intermédiaire du deuxième
palier (35) et du deuxième engrenage mené
(25); et
par le fait qu’il comprend un élément de réglage
(58) qui est aménagé pour pousser le premier

engrenage mené (24) dans une première direc-
tion le long d’un axe du deuxième arbre (15) et
pour pousser le deuxième engrenage mené (25)
dans une deuxième direction le long de l’axe du
deuxième arbre (15), la deuxième direction
étant opposée à la première direction, qui est
disposé entre le deuxième arbre (15) et au
moins l’un parmi le premier engrenage mené
(24) et le deuxième engrenage mené (25), et qui
est aménagé pour appliquer une précontrainte
sur le premier palier (32) et le deuxième palier
(35).

2. Appareil de propulsion de navire (1) selon la reven-
dication 1, dans lequel le premier palier (32) com-
porte une première bague de roulement intérieure
(38) connectée au deuxième arbre (15) et une pre-
mière bague de roulement extérieure (39) connectée
au premier engrenage mené (24), et le deuxième
palier (35) comporte une deuxième bague de roule-
ment intérieure (42) connectée au deuxième arbre
(15) et une deuxième bague de roulement extérieure
(43) connectée au deuxième engrenage mené (25).

3. Appareil de propulsion de navire (1) selon la reven-
dication 1, dans lequel l’élément de réglage (58) est
disposé entre le premier palier (32) et le deuxième
palier (35).

4. Appareil de propulsion de navire (1) selon la reven-
dication 3, dans lequel le deuxième arbre (15) com-
porte une bride (59) disposée entre le premier palier
(32) et le deuxième palier (35), et l’élément de ré-
glage (58) est disposé entre la bride (59) et l’un parmi
le premier palier (32) et le deuxième palier (35).

5. Appareil de propulsion de navire (1) selon l’une quel-
conque des revendications 1, 3 et 4, dans lequel le
boîtier (19) définit un espace intérieur (21) dans le-
quel sont contenus le premier engrenage mené (24)
et le deuxième engrenage mené (25) et une ouver-
ture (22) connectée à l’espace intérieur (21), et le
deuxième engrenage mené (25) est disposé entre
l’ouverture (22) et le premier engrenage mené (24),
et l’élément de réglage (58) est disposé entre le
deuxième engrenage mené (25) et le deuxième ar-
bre (15).

6. Appareil de propulsion de navire (1) selon l’une quel-
conque des revendications 1 à 5, dans lequel le pre-
mier engrenage mené (24) et le deuxième engrena-
ge mené (25) sont identiques en forme.

7. Appareil de propulsion de navire (1) selon l’une quel-
conque des revendications 1 à 6, dans lequel chacun
de l’engrenage d’entraînement (23), du premier en-
grenage mené (24) et du deuxième engrenage mené
(25) comporte un engrenage conique (23, 24, 25).
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8. Appareil de propulsion de navire (1) selon l’une quel-
conque des revendications 1 à 7, dans lequel chacun
du premier palier (32) et du deuxième palier (35)
comporte un roulement à rouleaux conique (32, 35).

9. Appareil de propulsion de navire (1) selon l’une quel-
conque des revendications 1 à 8, dans lequel le pre-
mier arbre (14) comporte un arbre d’entraînement
(14) qui s’étend dans une direction verticale, et le
deuxième arbre (15) comporte un arbre de propul-
seur (15) qui s’étend dans une direction horizontale.

10. Appareil de propulsion de navire (1) selon l’une quel-
conque des revendications 1 à 9, comprenant par
ailleurs:

un troisième palier (30) disposé entre le premier
engrenage mené (24) et le boîtier (19); et
un quatrième palier (33) disposé entre le deuxiè-
me engrenage mené (25) et le boîtier (19).
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