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TRANSMISSION DEVICE AND PROPULSION SYSTEM COMPRISING THE
TRANSMISSION DEVICE

TECHNICAL FIELD

Embodiments herein relate to a transmission device, especially for marine drives, and a

marine propulsion system comprising the transmission device.

BACKGROUND

Marine propulsion systems, e.g. for motor boats, have typically been rather simple. A
single combustion engine has usually been connected to a propeller via a transmission for
selecting a forward gear or a reverse gear. However, due to harder environmental rules,
the requirements on propulsion systems in regards to fuel consumption, emissions and

noise steadily increases.

An effective way to reduce fuel consumption, emissions and noise of the propulsion
systems is to provide hybrid drives, in which a plurality of power units are connected to
the same propeller drive. The power units may be of different types, such as e.g.

combustion engines, electric machines and/or combinations thereof.

Known solutions for connecting a plurality of power units to a common propeller drive are
usually mechanically complex and comprise a large number of gear wheels for distributing
the load from the power units, or comprise drive belts which have a low capability of
power transfer. These solutions are therefore often heavy, space consuming, difficult to

maintain, have a low efficiency and/or have high production costs.

SUMMARY

The embodiments herein aim to overcome the above mentioned problems relating to the
connection of multiple power units to a marine transmission. The embodiments herein in
particular aim to provide a transmission for marine use, which has a simple and compact

construction and which is cost and power efficient.

This is achieved by means of a transmission device, especially for marine use. The
transmission device comprises a first input gear intended to be connected to a first power

unit and a second input gear intended to be connected to a second power unit.
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The transmission device further comprises a first output gear, a second output gear and
an output drive shaft. Each one of the first and second output gears is selectively
connectably arranged to the output drive shaft. Each one of the first and the second input
gears is arranged in simultaneous gear engagement with each one of the first and second
output gears. The output gears being adapted to rotate in opposite directions when the

first and the second output gears are driven by one or more of the input gears.

By providing two output gears that are selectively connectable with an output shaft and
being arranged in simultaneous gear engagement with a plurality of input gears being
connectable to a corresponding power unit, the number of gear wheels required to
connect the power units to the transmission device can be reduced. Each power unit
transfers its power to the output shaft over the same output gear. The reduction of the
number of parts comprised in the transmission device also allows the size of the
transmission device to be reduced. A reduction of the number of gear wheels in the
transmission also has the benefit that the power losses are reduced, which makes the
transmission device more efficient. Having two input gears in simultaneous gear
engagement with the first and second output gears further has the benefit that the size of
each power unit being connectable to the input gears can be reduced compared to a
single power unit with the same combined power as the two smaller power units. The
arrangement of the first and second output gears also allows further power units to be
added by simply adding an additional input gear between the first and the second output
gears, thereby the transmission device may be adapted to different use cases, such as

e.g. electrification or hybridization.

Optionally, the transmission device may comprise a third input gear intended to be
connected to a third power unit, the third input gear being arranged in simultaneous gear
engagement with the first and second output gears. This has the benefit that an additional
power unit can be connected to the transmission unit by only adding an additional input
gear. Thereby the size of each power unit can be further reduced and/or the performance

of a propulsion system may be increased.

Optionally, at least one of said input gears may comprise an input clutch adapted to
selectively connect said input gear to its power unit. This has the benefit that the power
units, when connected to the input gear can be selectively engaged or disengaged. When

a high power is required, all of the available clutches may be engaged such that all
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available power units drive the output shaft. When a lower amount of power is required,
one or more of the available clutches may be disengaged and the corresponding power

units may be shut off to save fuel.

Optionally, said input clutch is such that it allows torque transfer from said power unit to
said input gear but prevents torque transfer from said input gear to said power unit.
Thereby a power unit which is running slower than the other one, e.g. due to malfunction
or a lower range of speed, will automatically be disconnected from the transmission
device. Thus, a slower power unit does never have to be driven by a faster one, which
reduces the load on the faster power unit and thus reduces fuel consumption and wear of

the transmission device and power units.

Optionally, said input clutch is a centrifugal clutch or an overrunning clutch. The
centrifugal clutch and the overrunning clutch have the advantage that they automatically

engage and/or disengage based on the rotational speed of the power unit connected to it.

Optionally, the axes of rotation of the input gears are arranged at an angle of substantially
360°/N from each other around the circumference of the first and the second output gears,
where N is the number of input gears, such that an engagement position of the input
gears are substantially uniformly distributed around the circumference of the first and the
second output gears. This arrangement provides a reduction in reaction forces on the
gears in the transmission device, which reduces the load on components such as e.g.

gears, gear housings and/or bearings comprised in the transmission device.

Optionally, the first and the second output gears are arranged to engage the input gears
at diametrically opposing sides of the input gears. This arrangement also provides a
reduction in the reaction forces on the gears in the transmission device and allows the first

and second output gears to rotate in opposite directions around the output drive shaft.

Optionally, each one of the input gears and the output gears is a bevel gear, conical gear
and/or a hypoid gear. The bevel gears allow a smooth transmission with low noise
emissions and allows the torque from the input shaft to be redirected in an angular

direction, such as e.g. 90 degrees, towards the output drive shaft.
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Optionally, each one of the input gears has a rotation axis, Ri,, being substantially

perpendicular to a rotation axis, Rou, of the first and the second output gears.

Optionally, the first output gear is drivingly connectable to the drive shaft via a first output
clutch and the second output gear is drivingly connectable to the drive shaft via a second
output clutch. The first and the second output clutch may be alternately engageable such
that when the first output clutch is engaged, the first output gear drives the output drive

shaft in a first direction and when the second output clutch is engaged, the second output

gear drives the output drive shaft in a second direction, opposite to said first direction.

Optionally, each one of the first and second output clutches is a disc clutch, a cone clutch

and/or a claw clutch.

Also disclosed is a marine propulsion system. The marine propulsion system comprises a
first power unit, a second power unit, a propeller drive and the transmission device
described above. The transmission device connects the power units to the propeller drive.
The first power unit is connected to the first input gear of the transmission device and the
second power unit is connected to the second input gear of the transmission device, such
that each one of the power units can simultaneously drive the first and the second output
gears. The output drive shaft of the transmission device being connected to said propeller
drive. This allows for downsizing of the power units, since a plurality of smaller power
units having a combined output as a bigger power unit can be connected to the output
shaft when maximum power is desired. However, when the output shaft is driven with a
reduced power requirement, one of the power units may be disengaged and shut off in

order to reduce fuel consumption and emissions.

Optionally, when the transmission device comprises a third input gear, the propulsion
system may comprise a third power unit connected to the third input gear of the
transmission device. This allows for further adaption of power levels of the propulsion
system and/or further hybridization of the propulsion system without having to make

substantial modifications to the transmission device.

Optionally, each one of the power units comprises an electric motor, a combustion engine
and/or a hydraulic motor. Thereby, the propulsion system may be hybridized and/or

electrified which further may reduce emissions and fuel consumption of the propulsion
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system since the combustion engine may be used to a lesser extent. The power units may
comprise, or be, of the same or of different types. In one example, at least one of the
power units may comprise a combustion engine and at least a second of the power units
may be an electrical motor, thereby making the propulsion system a hybrid propulsion
system. At least one of the power units may also comprise both an electric motor and a

combustion engine and may thus be a hybrid power unit in itself.

Optionally, the propeller drive comprises single or counter-rotating propellers.

Optionally, the propeller drive comprises a propulsion unit. Using a propulsion unit has the
benefits that the maneuverability, onboard comfort, the performance, reliability and fuel
efficiency of the propulsion system is increased. The propulsion unit is steerable and
provides an immediate and precise reaction to driver commands. The propulsion unit also
allows the propellers to be positioned well under the hull to eliminate air intrusion and

cavitation and thus provides a more efficient propulsion.

The embodiments herein provide numerous benefits and advantages over existing
solutions in that they provide a flexible and effective way to connect a plurality of power
units to a common propeller drive. The proposed transmission device has a simple and
compact mechanical construction and comprises a limited number of torque transferring
parts, such as gears and bearings. The embodiments herein provide an improved means
for transferring torque from the power units to an output drive shaft, which drive shaft may
be connected to a propeller drive. By connecting the power unit using the first and second
output gears the complexity of the transmission is reduced and a switching between
forward and reverse mode can be performed in a fast and simple manner. The
transmission device can furthermore be made compact, easy to service and cost efficient

to produce, due to its reduced number of gears.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, embodiments herein will be described in greater detail by way of example

only with reference to attached drawings, in which

Fig. 1 is a schematic illustration of the transmission device according to
embodiments herein, seen from a direction perpendicular to an output drive
shaft;
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Fig. 2 is a schematic illustration of the transmission device of figure 1, seen in a

direction of the output drive shaft;

Fig. 3 is a schematic illustration of the transmission device according to further

embodiment herein, seen in the direction of the output drive shaft;

Fig. 4 is a schematic illustration of a marine propulsion system comprising the
transmission device according to the embodiments herein;
Fig. 5 is a schematic illustration of a marine vessel comprising the marine

propulsion system according to embodiments herein.

Still other objects and features of embodiments herein will become apparent from the
following detailed description considered in conjunction with the accompanying drawings.
It is to be understood, however, that the drawings are designed solely for purposes of
illustration and not as a definition of the limits hereof, for which reference should be made
to the appended claims. It should be further understood that the drawings are not
necessarily drawn to scale and that, unless otherwise indicated, they are merely intended

to conceptually illustrate the structures and procedures described herein.

DETAILED DESCRIPTION

Fig. 1 shows the transmission device 100 according to embodiments herein. The
transmission device 100 comprises a first input gear 110a intended to be connected to a
first power unit and a second input gear 110b intended to be connected to a second
power unit. The transmission device 100 further comprises a first output gear 120a, a
second output gear 120b and an output drive shaft 130. The first and the second output
gears 120a, 120b are each selectively connectably arranged to the output drive shaft 130.
Selectively connectably shall herein be interpreted as the output gears 120a, 120b being
freely rotatably arranged around the output drive shaft 130, and arranged such that a user
and/or a control unit may connect or disconnect the first and/or second output gear 120a,
120b to/from the output drive shaft 130 based on a desired mode of operation. The first
output gear 120a may e.g. be drivingly connectable to the drive shaft 130 via a first output
clutch 140a and the second output gear 120b may be drivingly connectable to the drive
shaft 130 via a second output clutch 140b. The first and the second output clutch 140a,
140b may be alternately engageable, such that when the first output clutch 140a is

engaged, the first output gear 120a drives the output drive shaft 130 in a first direction and
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when the second output clutch 140b is engaged, the second output gear 120b drives the
output drive shaft 130 in a second direction, opposite to said first direction. The first
direction may e.g. be a forward direction and the second direction may be a backward
direction or vice versa. Each one of the input gears, such as e.g. the first and the second
input gears 110a, 110b, is arranged in simultaneous gear engagement with each one of
the first and second output gears 120a, 120b, the output gears 120a, 120b being adapted
to rotate in opposite directions when the first and the second output gears 120a, 120b are

driven by one or more of the input gears 110a, 110b.

By selecting which of the first and second output clutches 140a, 140b is disengaged and
which is engaged, the first and/or the second output gears can be connected to or
released from connection with the drive shaft 130, such that the drive shaft 130 is driven
in the first or the second direction. Each one of the first and the second output clutches
140a, 140b may be a mechanical clutch, such as e.g. a disc clutch, such ase.g.adryora
wet disc clutch, a cone clutch and/or a claw clutch. The first and/or the second output
clutches 140a, 140b may however also be an electromagnetic clutch. This shall herein be
interpreted as the first and the second output clutch 140a, 140b being of the same type or
of different types, selected from the group comprising the disc clutch, the cone clutch, the

claw clutch and/or the electromagnetic clutch.

The first and the second output clutches 140a, 140b may be individually controlled. The
first and the second output clutches 140a, 140b may however also be mechanically
connected to each other, such that when the first clutch is engaged the second clutch is
disengaged and vice versa. This may e.g. be achieved by mounting a first clutch surface
of each one of the first and second output clutches 140a, 140b on a tubular sleeve being
slidingly arranged on the drive shaft 130 along the rotation axis R, of the drive shaft 130.
The tubular sleeve may be drivingly connectable to the drive shaft 130, e.g. via
longitudinal splines arranged on the inner circumference of the tubular sleeve and on the
outer circumference of the drive shaft 130. When the first output gear 120a is to be
engaged, the tubular sleeve may be displaced along the rotation axis R, towards the first
output gear 120a, such that the first clutch surface of the first output clutch 140a engages
with a second surface of the first output clutch 140a and engages the first output clutch
140a. By engaging the first output clutch 140a the first output gear 120a becomes
drivingly connected to the drive shaft 130. When the second output gear 120b is to be

engaged, the tubular sleeve may be displaced along the rotation axis R, towards the
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second output gear 120b, such that the first clutch surface of the second output clutch
140b engages with a second surface of the second output clutch 140b and engages the
second output clutch 140b. By engaging the second output clutch 140b the second output
gear 120b becomes drivingly connected to the drive shaft 130. In one embodiment, the
output clutches 140a, 140b may e.g. be a cone clutch, a first conical surface of the first
output clutch 140a may be arranged on a first longitudinal end of the tubular sleeve and a
first conical surface of the second output clutch 140b may be arranged on a second
longitudinal end of the tubular sleeve, such that the first conical surfaces may respectively
engage their corresponding second conical surfaces of the first and second output
clutches 140a, 140b when the tubular sleeve is displaced towards the respective output
gear 120a, 120b. Although fig. 1 discloses the output clutches 140a, 140b being arranged
on a side of the output gears 120a, 120b facing away from the other output gear 120b,
120a, the first and the second output clutches 140a, 140b may also be arranged in
between the output gears 120a, 120b on a side of the output gears 120a, 120b facing
towards the other output gear 120b, 120a.

In order to make a shifting from a forward drive to a backward drive smoother, the clutch

may be combined with a synchronization arrangement.

In some embodiments, the transmission device 100 may comprise a third input gear (not
shown in fig. 1 intended to be connected to a third power unit, the third input gear being
arranged in simultaneous gear engagement with the first and second output gears 120a,
120b. The transmission device 100 may also comprise more than three input gears, such
as e.g. a fourth input gear, wherein each input gear may be connectable to a respective
power unit. The embodiments described in the following relating to the first and second
input gears 110a, 110b are also applicable to any further input gears, such as e.g. the

third input gear 110¢ shown in fig. 3.

The power units may be directly connected to the input gears, e.g. via a drive shaft. At
least one of, preferably each one of, said input gears 110a, 110bmay comprise or may be
connected to an input clutch 111 adapted to selectively connect said input gear 110a,
110b to a respective power unit. Said input clutch 111 may e.g. be such that it allows
torque transfer from said power unit to said input gear 110a, 110b, but prevents torque
transfer from said input gear 110a, 110b to said power unit. The input clutch 111 allowing

torque transfer from said power unit to said input gear 110a, 110b, but preventing torque
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transfer from said input gear 110a, 110b to said power unit may also be referred to as an
overrunning clutch. The one or more input clutch(es) 111 may e.g. be selected from the
group comprising centrifugal clutch, hydraulic clutch, overrunning clutch, a disc clutch, a
cone clutch and/or a claw clutch. The input clutch 111 may e.g. be arranged between a
first drive shaft portion connected to the input gear 110a, 110b and a second drive shaft
portion connectable to the respective power unit. The one or more input clutch(es) 111
allows one or more of the power units to be disconnected from its respective input gear
while the remaining one or more of the power units stay connected to their respective
input gears and drive the first and the second output gears 120a, 120b. Thus, the input
clutch(es) 111 allows an individual engagement and/or disengagement of the power units
from the transmission device 100. Different types of input clutches may be comprised in or

may be connected to each of the input gears.

The input gears 110a, 110b each have an axis of rotation, herein also referred to as a
rotation axis Ri,. The rotation axis Ri, may be arranged, at least substantially,
perpendicular to a rotation axis R, of the drive shaft 130 and/or the first and the second
output gears 120a, 120b. The first and the second output gears 120a, 120b may have the
same rotation axis as the drive shaft 130 and may thus be referred to as being
concentrically arranged with the drive shaft 130. The axes of rotation R, of the input gears
110a, 110b may be evenly or non-evenly distributed around the circumference of the first
and the second output gears. When the axes of rotation R;, of the input gears 110a, 110b
are evenly distributed, they may be arranged at an angle of substantially 360°/N from
each other around the circumference of the first and the second output gears 120a, 120b,
where N is the number of input gears 110a, 110b. Thereby an engagement position of the
input gears 110a, 110b are substantially uniformly distributed around the circumference of
the first and the second output gears 120a, 120b. The axes of rotation Ri, of the input
gears 110a, 110b being arranged at an angle of substantially 360°/N from each other shall
herein be interpreted as being arranged at 360°/N or as close to 360°/N as allowable by
the number of gear teeth of the output gears and the number of input gears. Due to the
number of gear teeth sometimes not being evenly dividable by N, an angular deviation
from 360°/N may occur. Hence, if the transmission device 100 comprises two input gears
they may be arranged at an angle of 360°/2=180° from each other, if the transmission
device 100 comprises three input gears they may be arranged at an angle of 360°/3=120°
from each other, if the transmission device 100 comprises four input gears they may be

arranged at an angle of 360°/4=90° from each other, etc. Thereby, reduced reaction
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forces on the transmission device 100 may be achieved. In the examples described above
it is assumed that the number of gear teeth of the output gears 120a, 120b is evenly
dividable by the number of input gears 110a, 110b. It shall however be understood that
some deviation from the angles stated may occur due to the number of gear teeth of the
output gears 120a, 120b not being evenly dividable by the number of input gears 110a,
110b.

The axes of rotation R;, of the input gears 110a, 110b may in some embodiments also be
non-evenly distributed, such that they may be arranged at an angle of 360°/N+M° from
each other, where M is in the range of 0° to 90°.

The first and the second output gears 120a, 120b may be arranged to engage the input
gears 110a, 110b at diametrically opposing sides of the input gears 110a and 110b.
Thereby the teeth of the first output gear 120a and the teeth of the second output gear
120b are arranged so that they face each other and will engage the plurality of input gears
110a, 110b at diametrically opposing sides of the input gears 110a, 110b and 110c¢, such
that the input gears 110a, 110b will drive the first output gear 120a in a first direction
around the rotation axis R, of the drive shaft 130 and will drive the second output gear
120b in a second direction around the rotation axis Roy of the drive shaft 130.
Diametrically opposite sides shall herein be interpreted as the contact points between the
first and the second output gears on each of the input gears 110a, 110b being arranged
substantially at a 180° angle from each other around the circumference of the input gear
110a, 110b. By engaging either the first or the second output clutch 140a, 140b the drive
shaft will be connected to either one of the output gears 120a, 120b. The drive shaft 130
may thus be rotated in either the first or the second direction around its rotation axis Rout
without having to change the direction of rotation of the input gears 110a, 110Db,
depending on which of the output clutches 140a, 140b that is engaged. Each one of the
input gears and/or the output gears may e.g. be a bevel gear, a conical gear and/or a
hypoid gear. However, due to the number of gear teeth of the input and/or output gears
sometimes not being evenly dividable by 2, some angular deviation from the 180° angle
may occur. Substantially at a 180° angle shall thus be interpreted as 180° or as close to
180° as allowable by the number of gear teeth of the output gears and the number of input

gears.

Fig. 2 shows the transmission device 100 seen in a direction of the rotation axis Rou Of

the output shaft 130, according to an example herein. In the example disclosed in fig. 2,
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the transmission device 100 comprises a first input gear 110a and a second input gear
110b arranged in line with each other, which may also be referred to as the rotation axes
R, of the input gears 110a, 110b being concentrically arranged. The first and the second
input gears 110a, 110b engage the output gears 120a, 120b on diametrically opposite
sides of the output gears 120a, 120b. The rotation axes R;, may be arranged, at least
substantially, perpendicular to a rotation axis R, of the drive shaft 130 and/or the first and
the second output gears 120a, 120b. Substantially perpendicular shall herein be
interpreted as being arranged at an angle of 90°£10°. The rotation axes R, may be
arranged at an angle of 90° to the rotation axis Ry of the drive shaft 130, however some
deviation from 90° may be present due to the diametrical pitch of the output gears 120a,
120b. The first and the second output gears have the same rotation axis R, as the drive
shaft 130 and may thus be referred to as being concentrically arranged with the drive
shaft 130. Since the transmission device 100 according to the embodiment shown in fig. 2
comprises two input gears 110a, 110b they are arranged at an angle of 360°/2=180° from
each other. Thereby, reduced reaction forces on the gears, the gear housing and/or the
bearings of the transmission device 100 may be achieved. According to the example
shown in herein, the input gears 110a, 110b each comprise an input clutch for selectively
connecting the input gears 110a, 110b to a respective power unit (not shown in fig. 2).
The input clutches 111 may be of the types described for the input clutch in relation to fig.
1.

Fig. 3 shows the transmission device 100 seen in the direction of the rotation axis Ry of
the output shaft 130, according to a further example herein. In the example disclosed in
fig. 3, the transmission device 100 comprises a first input gear 110a, a second input gear
110b and a third input gear 110c¢ arranged at an angle of 360°/3=120° from each other.
The first, second and third input gears 110a, 110b, 110c engage the output gears 120a,
120b on diametrically opposite sides of the output gears 120a, 120b. The rotation axes R;,
may be arranged, at least substantially, perpendicular to the rotation axis R, of the drive
shaft 130 and/or the first and the second output gears 120a, 120b. Thereby, the reduced
reaction forces within the transmission device 100 may be maintained with the increased
number of input gears. According to the example shown in herein, the input gears 110a,
110b, 110c each comprise an input clutch 111 for selectively connecting the input gears
110a, 110b, 110c to a respective power unit (not shown in fig. 3). The input clutches 111

may be of the types described for the input clutch in relation to fig. 1.
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Fig. 4 shows a marine propulsion system 200 according to embodiments herein. The
marine propulsion system comprises a first power unit 210a, a second power unit 210b, a
propeller drive 220 and the transmission device 100. The transmission device 100
connects the first and the second power units 210a, 210b to the propeller drive 220. The
first power unit 210a is connected to the first input gear 110a of the transmission device
100 and the second power unit 210b is connected to the second input gear 110b of the
transmission device 100, such that each one of the power units 210a, 210b can
simultaneously drive the first and the second output gears 120a, 120b. The output drive
shaft 130 of the transmission device 100 is connected to said propeller drive 220. Thereby
the propeller drive 220 can be driven by the first and/or the second power units. The
direction of rotation of the propeller drive 220 may be selected by selectively engaging the

first or the second output clutch 120a, 120b.

When the transmission device 100 comprises a third input gear 110c¢, the propulsion
system may further comprise a third power unit connected to the third input gear 110¢ of
the transmission device 100. Correspondingly, if the transmission device 100 comprises
more than three input gears 110, the propulsion system 200 may comprise an equal
number of power units as the number of input gears 110 comprised in the transmission
device 100.

Each one of the power units 210a, 210b may comprise or may be an electric motor, which
may also be referred to as an electric machine, a combustion engine, an electric
generator, a hydraulic motor and/or a hydraulic pump. The power units 210a, 210b may
comprise, or be, of the same or of different types. In one embodiment, such as the
embodiment shown in fig. 4, at least one of the power units 210a, 210b may be a
combustion engine and at least a second of the power units 210a, 210b may be an
electrical motor, thereby making the propulsion system 200 a hybrid propulsion system
200. In the embodiment shown in fig. 4 the first power unit 210a is the combustion engine
and the second power unit 210b is the electric motor. At least one of the power units
210a, 210b may also comprise both an electric motor and a combustion engine and may
thus be a hybrid power unit in itself. In other words the power units may be selected and
combined independently of each other The same applies to any additional power units
connected to the transmission device, such as e.g. a third power unit connected to the

third input gear 110¢ as described in relation to fig. 3.
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However, in a further embodiment, all of the power units comprised in the propulsion
system, such as e.g. the power units 210a, 210b may be combustion engines. According

to yet a further embodiment all of the power units 210a, 210b may be electrical motors.

Each power unit, such as the power units 210a, 210b may thus be selected from the
group of combustion engine, electric motor or hybrid power unit comprising both an
electric motor and a combustion engine irrespectively of the other power units comprised

in the marine propulsion system 200.

The power units, such as e.g. the power units 210a, 210b may be directly connected to
their respective input gears 110a, 110b, 110c, e.g. by means of an elastic coupling, or
may be disengageably connectable to their respective input gears 110a, 110b, 110c¢, e.g.
by means of a disc clutch, such as e.g. a dry or a wet plate clutch, a centrifugal clutch, an

overrunning clutch and/or an electromagnetic clutch.

Using a centrifugal clutch or an overrunning clutch for connecting the power units, such as
e.g. the power units 210a, 210b to their respective input gears, such as e.g. the input
gears 110a, 110b, has the benefit that the engagement and disengagement of the power
units 210 can be performed in a simple manner, since the clutches will automatically
disengage once the rotational speed of the corresponding power unit is below the
rotational speed of the input gear. This further has the benefit that, in case of a failure of
one of the power units, such as e.g. the power unit 210a, such as the one or more
remaining power units, such as e.g. the power unit 210b is not forced to drive the failed
power unit. This of course also applies if the rotational speed of one or more of the power

units, such as e.g. the power unit 210a is intentionally reduced.

However, if the clutch connects an electric motor to one of the input gears 110a, 110b,
110c, it might instead be beneficial to use a clutch which does not automatically
disengage when the rotational speed of the electric motor is below the rotational speed of
the input gear 110a, 110b, 110c. By keeping the clutch engaged the electric motor can,
when it is driven by the one or more further power units 210a, 210b, be used as a

generator for charging or recharging one or more batteries.

The propeller drive 220 may comprise one or more propellers. The propeller(s) may be
arranged in either a pulling or pushing configuration. Pulling configuration shall herein be

interpreted as being mounted in a forward facing direction when mounted on a marine
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vessel, while pushing configuration shall be interpreted as being mounted in a rearward
facing direction when mounted on a marine vessel. Having counter-rotating propellers
reduce vibrations of the propulsion system. By having propellers in a pulling configuration,
the propellers can work in undisturbed water which increases the performance of the
propulsion system 200. The propeller drive 220 may comprise a second transmission
device (not shown) arranged to transfer the rotation of the output shaft 130 towards the
one or more propellers. The second transmission device (not shown) may be arranged
substantially outside of a hull of a marine vessel when the propulsion system 200 is
arranged on the marine vessel. The second transmission device (not shown) may
comprise at least one prop shaft for driving the propeller, a gear, such as an angular gear,
configured to transfer the rotation of the output shaft 130 towards the propeller and may
be rotatably arranged in regards to the hull of the marine vessel to provide steering

capability.

The propeller drive 220 may further comprise a propulsion unit. The propulsion unit may
comprise a fixed pitch propeller mounted on a steerable gondola, which gondola is
arranged to rotate the propeller around a vertical axis, such as e.g. the rotation axis Roy.
Using a propulsion unit has the benefits that the maneuverability, onboard comfort, the
performance, reliability and fuel efficiency of the propulsion system is increased. Due to
the layout of the propulsion unit installation the size of an engine compartment in the
marine vessel 1 may be reduced, creating considerably more usable space onboard the
marine vessel 1. The steerable propulsion units provide an immediate and precise
reaction to driver commands. The propulsion unit also allows the propellers to be

positioned well under the hull to eliminate air intrusion and cavitation.

Fig. 5 shows an overview of a marine vessel 1, such as e.g. a boat or a ship, according to
some embodiments herein. The marine vessel 1 comprises a hull 2 having a forward
facing bow 3 and a backward facing stern 4. The marine vessel 1 further comprises the
marine propulsion system 200 according to the embodiments described herein mounted

in the hull 2 of the marine vessel 1.
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a first input gear (110a) intended to be connected to a first power unit and a
second input gear (110b) intended to be connected to a second power unit,
a first output gear (120a) and a second output gear (120b) and
an output drive shaft (130),
each one of the first and second output gears (120a, 120b) being selectively
connectably arranged to the output drive shaft (130),
each one of the first and the second input gears (110a, 110b) being arranged in
simultaneous gear engagement with each one of the first and second output gears
(120a, 120b),
the output gears (120a, 120b) being adapted to rotate in opposite directions when
the first and the second output gears (120a, 120b) are driven by one or more of the
input gears (110a, 110b).

. The transmission device (100) according to claim 1, wherein the transmission

device (100) comprises a third input gear (110c¢) intended to be connected to a third
power unit, the third input gear (110c¢) being arranged in simultaneous gear

engagement with the first and second output gears (120a, 120b).

. The transmission device (100) according to any of the previous claims, wherein at

least one of said input gears (110a, 110b, 110¢) comprises an input clutch (111)

adapted to selectively connect said input gear (110a, 110b, 110c) to its power unit.

. The transmission device (100) according to claim 3, wherein said input clutch is

such that it allows torque transfer from said power unit to said input gear (110a,
110b, 110c¢) but prevents torque transfer from said input gear (110a, 110b, 110c) to

said power unit.

. The transmission device (100) according to claim 3 or 4, wherein said at least one

input clutch (111) is a centrifugal clutch, an overrunning clutch, a disc clutch, a

cone clutch, a claw clutch and/or a magnetic clutch.

. The transmission device (100) according to any of the previous claims, wherein the

axes of rotation of the input gears (110a, 110b, 110c) are arranged at an angle of
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substantially 360°/N from each other around the circumference of the first and the
second output gears (120a, 120b), where N is the number of input gears (110a,
110b, 110c¢), such that an engagement position of the input gears (110a, 110b,
110c¢) are substantially uniformly distributed around the circumference of the first

and the second output gears (120a, 120b).

The transmission device (100) according to any of the previous claims, wherein the
first and the second output gears (120a, 120b) are arranged to engage the input
gears (110a, 110b) at diametrically opposing sides of the input gears (110a, 110b,
110c).

The transmission device (100) according to any of the previous claims, wherein
each one of the input gears and the output gears is a bevel gear, conical gears

and/or a hypoid gear.

The transmission device (100) according to any of the previous claims, wherein
each one of the input gears (110a, 110b, 110c) has a rotation axis (R;,) being
substantially perpendicular to a rotation axis (Rou) of the first and the second output
gears (120a, 120b).

The transmission device (100) according to any of the previous claims, wherein the
first output gear (120a) is drivingly connectable to the drive shaft (130) via a first
output clutch (140a) and the second output gear (120b) is drivingly connectable to
the drive shaft (130) via a second output clutch (140b),

the first and the second output clutch being alternately engageable such that
when the first output clutch (140a) is engaged, the first output gear (120a) drives
the output drive shaft (130) in a first direction and when the second output clutch
(140b) is engaged, the second output gear (120b) drives the output drive shaft

(130) in a second direction, opposite to said first direction.

The transmission device (100) according to claim 10, wherein each one of the first
and the second output clutches (140a, 140b) is a disc clutch, a cone clutch, a

magnetic clutch and/or a claw clutch.

A marine propulsion system (200) comprising a first power unit (210a), a second

power unit (210b), a propeller drive (220) and the transmission device (100)
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according to any of the claims 1 to 11 connecting the power units (210a, 210b) to
the propeller drive (220), wherein the first power unit (210a) is connected to the first
input gear (110a) of the transmission device (100) and the second power unit
(210b) is connected to the second input gear (110b) of the transmission device
(100), such that each one of the power units (210a, 210b) can simultaneously drive
the first and the second output gears (120a, 120b), the output drive shaft (130) of

the transmission device (100) being connected to said propeller drive (220).

The marine propulsion system (200) according to claim 12, when dependent on
claim 2, wherein the propulsion system comprises a third power unit (210c¢)

connected to the third gear (110c) of the transmission device (100).

The marine propulsion system (200) according to any of the claims 12 or 13,
wherein each one of the power units (210a, 210b, 210c¢) comprises an electric

motor, a combustion engine and/or a hydraulic motor.

The marine propulsion system (200) according to any of the claims 12 to 14,

wherein the propeller drive (220) comprises single or counter-rotating propellers.

The marine propulsion system (200) according to any of the claims 12 to 15,

wherein the propeller drive (220) comprises a propulsion unit.
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