EP 4 574 646 A1

(19)

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
25.06.2025 Bulletin 2025/26

(21) Application number: 23218499.4

(22) Date of filing: 20.12.2023

(11) EP 4 574 646 A1

EUROPEAN PATENT APPLICATION

(51) International Patent Classification (IPC):

B63H 21/17 (2006.01)

(52) Cooperative Patent Classification (CPC):

B63H 21/17; B63H 2005/106; B63H 2005/1256;
B63H 2005/1258; B63H 2023/0283

(84) Designated Contracting States:

ALATBEBG CHCY CZDE DKEE ES FIFR GB

GRHRHUIEISITLILT LU LV MC ME MK MT NL

NO PL PT RO RS SE SI SK SM TR
Designated Extension States:

BA

Designated Validation States:

KH MA MD TN

Applicant: Volvo Penta Corporation
405 08 Goteborg (SE)

Inventors:
¢ BRAUER, Samuel
418 73 GOTEBORG (SE)

* WIK, Lars

433 62 SAVEDALEN (SE)
e TELL, Johan

417 26 Goteborg (SE)

(74) Representative: Strom & Gulliksson AB

P.O. Box 4188
203 13 Malmé (SE)

Remarks:

Amended claims in accordance with Rule 137(2)
EPC.

(54)

(57)  The disclosure presents a marine propeller pro-
pulsion unit (1) comprising a compound planetary gear
(10) for driving a propeller (3), a propulsion motor (5) for
driving the compound planetary gear (10), and a housing
(6) for enclosing the propulsion motor (5) and the com-
pound planetary gear (10). The compound planetary
gear (10) comprises a sun gear (12), a ring gear (14),
aplanet carrier (16), afirst planet gear (18i) and a second
planet gear (18e). The radius of the second planet gear

A MARINE PROPULSION UNIT COMPRISING A COMPOUND PLANETARY GEAR

(18e) exceeds the radius of the first planet gear (18i) and
the first and second planet gears (18i, 18e) are rotation-
ally fixed to one another. The ring gear (14) meshes with
the first planet gear (18i) and the sun gear (12) meshes
with the second planet gear (18e). The sun gear (12) is
adapted to be connected to the propulsion motor (5) and
the ring gear (14) is adapted to be connected to the
propeller (3).
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Description
TECHNICAL FIELD

[0001] The disclosure relates generally to marine pro-
pulsion. In particular aspects, the disclosure relates to a
marine propeller propulsion unit comprising a compound
planetary gear. The disclosure can be applied to marine
vessels, such as water crafts, motorboats, work boats,
sport vessels, sailboats, boats, ships, among other ves-
sel types. Although the disclosure may be described with
respect to a particular vessel, the disclosure is not re-
stricted to any particular vessel.

BACKGROUND

[0002] Marine propulsion units are used to propel mar-
ine vessels in water. Marine propulsion units mat typically
comprise one or more propellers. In some examples, two
concentric propellers may be arranged to rotate in oppo-
site directions. The latter solution brings a number of
benefits as regards efficiency, maneuverability and ac-
celeration. Although many prior art solutions function
satisfactorily, there is still room for improvement in terms
of for example efficiency, performance, lifetime and
costs.

SUMMARY

[0003] According to a first aspect of the present dis-
closure, there is provided a marine propeller propulsion
unit comprising a compound planetary gear for driving a
propeller, a propulsion motor for driving the compound
planetary gear, and a housing for enclosing the propul-
sion motor and the compound planetary gear. The com-
pound planetary gear comprises a sun gear, aring gear, a
planet carrier, a first planet gear and a second planet
gear, wherein the radius of the second planet gear ex-
ceeds the radius of the first planet gear and the first and
second planet gears are rotationally fixed to one another.
The ring gear meshes with the first planet gear and the
sun gear meshes with the second planet gear. The sun
gear is adapted to be connected to the propulsion motor
and the ring gear is adapted to be connected to the
propeller.

[0004] The first aspect of the disclosure may seek to
solve the problem of providing an improved marine pro-
peller propulsion unit. Improvements may concern e.g.
one or more of energy efficiency, performance, lifetime
and costs. The use of a compound planetary gear is
advantageous as the high gear ratio that is obtainable
allows the propeller to be powered by a high-speed
motor. A motor rotating at high speed may generate large
power while the size and weight can be kept relatively
low. Thereby, the housing may be compact, which is
advantageous for reducing appendage drag. Typically,
the ring gear is rotationally fixed in relation to the housing.
The ring gear may thus be fixed as regards rotation about
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the longitudinal axis of the marine propeller propulsion
unit.

[0005] Optionally in some examples, including in at
least one preferred example, the propulsion motor is
an electric motor. Apart from environmental benefits
resulting from increased efficiency and improved perfor-
mance as a result of a quick torque response, an electric
motor may be particularly compact and positioned next to
the compound planetary gear. The electric motor may be
positioned in line with the compound planetary gear.
Thus, the marine propeller propulsion unit may be com-
pact. The marine propeller propulsion unit may comprise
one single propulsion motor.

[0006] Optionally in some examples, including in at
least one preferred example, the marine propulsion unit
is configured such that the housing at least during opera-
tion is completely submerged under water. The marine
propulsion unit may form a pod arranged outside a hull of
a marine vessel that is driven by the marine propulsion
unit. The marine propulsion unit may be referred to as an
azimuth thruster. In other words, the housing may be
rotated to any horizontal angle with respect to the marine
vessel to direct the thrust. The marine propulsion unit
may alternatively form a lower part of a marine drive unit
that comprises an upper part, which is attached to a
marine vessel, and the lower part. The lower part may
be rotated horizontally with respect to the upper part to
direct the thrust. Technical benefits may include high
efficiency and performance, in particular as regards man-
euverability.

[0007] Optionally in some examples, including in at
least one preferred example, the radiuses of the sun
gear and the first planet gear are essentially equal or
differ by up to 20 percent. A technical benefit may include
an appropriate, and high, gear ratio.

[0008] Optionally in some examples, including in at
least one preferred example, the radius of the second
planet gear is 1.5 to 3 times the radius of the first planet
gear. A technical benefit may include an appropriate, and
high, gear ratio.

[0009] Optionally in some examples, including in at
least one preferred example, the compound planetary
gear is adapted to during operation be arranged with its
longitudinal axis arranged essentially in plane with a
vessel that comprises, and during operation is propelled
by, the marine propeller propulsion unit. A technical
benefit may include facilitating arranging the compound
planetary gear in a housing that at least during operation
be completely submerged under water.

[0010] Optionally in some examples, including in at
least one preferred example, the compound planetary
gear comprises helical gears. The compound planetary
gear may be configured to cancel out any axial forces
generated by the compound planetary gear during op-
eration. A technical benefit may include that bearings
need to absorb less axial forces, which may lower costs.
In addition, helical gears may involve less noise and
facilitate a compact design.
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[0011] Optionally in some examples, including in at
least one preferred example, the marine propeller pro-
pulsion unit does not comprise any moving part posi-
tioned radially outside the ring gear or the first or second
planet gear, apart from the propeller. A technical benefit
may include that the housing that encloses the com-
pound planetary gear may be compact, which may be
advantageous e.qg. forreducing appendage drag. In other
words, as seen along the longitudinal axis, all moving
parts of the marine propeller propulsion unit, apart from
the propeller, may be positioned radially inside the ra-
dially outermost of the ring gear, the first planet gear and
the second planet gear. The radially outermost of the ring
gear, thefirst planet gear and the second planetgear may
form the radially outermost moving part of the compound
planetary gear.

[0012] Optionally in some examples, including in at
least one preferred example, the sun gear is connected
to the propulsion motor, typically a motor shaft thereof,
such that the sun gear and the propulsion motor are
adapted to rotate at the same velocity. Even though
the present disclosure does not exclude a gearing op-
eratively arranged between the sun gear and the propul-
sion motor to increase or decrease the speed of the sun
gear, a technical benefit of the present disclosure may
include that no such gearing is required.

[0013] Optionally in some examples, including in at
least one preferred example, the compound planetary
gear is configured for driving a first and a second pro-
peller. The ring gear may be adapted to be connected to
the first propeller, and the planet carrier may be adapted
to be connected to the second propeller. Firstand second
coaxial propellers rotating in opposite directions may be
advantageous e.g. as regards energy efficiency and
performance.

[0014] Optionally in some examples, including in at
least one preferred example, the marine propeller pro-
pulsion unit may comprise one single input shaft con-
necting the compound planetary gear and the propulsion
motor. A technical benefit may include a compact and
cost-effective design.

[0015] Optionally in some examples, including in at
least one preferred example, the propulsion motor is
directly connected to the input shaft such that the propul-
sion motor and the input shaft are adapted to rotate at the
same velocity. Even though the present disclosure does
not exclude a gearing operatively arranged between the
propulsion motor and the input shaft to increase or de-
crease the speed of the input shaft, a technical benefit of
the present disclosure may include that no such gearing
is required.

[0016] Optionally in some examples, including in at
least one preferred example, the marine propeller pro-
pulsion unit is configured as a rearward drive propulsion
unit, and the first propeller is a front propeller and the
second propeller is a rear propeller. Alternatively, the
marine propeller propulsion unit may be configured as
a forward drive propulsion unit, and the first propelleris a
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rear propeller and the second propeller is a front propel-
ler.

[0017] According to a second aspect of the disclosure,
there is provided a use of a compound planetary gearin a
marine propeller propulsion unit for driving a first and,
optionally, a second propeller by means of an input shaft.
The compound planetary gear comprises a sun gear, a
ring gear, a planet carrier, afirst planet gear and a second
planet gear. The radius of the second planet gear ex-
ceeds the radius of the first planet gear and the first and
second planet gears are rotationally fixed to one another.
The ring gear meshes with the first planet gear and the
sun gear meshes with the second planet gear, and the
sun gear is adapted to be connected to the input shaft.
The ring gear is adapted to be connected to the first
propeller. The planet carrier is adapted to be connected
to the optional second propeller, while if there is only one
(the first) propeller the planet carrier may be rotationally
fixed.

[0018] According to a third aspect of the disclosure,
there is provided a marine propeller propulsion unit com-
prising a compound planetary gear for driving afirstand a
second propeller by means of an input shaft. The com-
pound planetary gear comprises a sun gear, aring gear, a
planet carrier, a first planet gear and a second planet
gear, wherein the radius of the second planet gear ex-
ceeds the radius of the first planet gear and the first and
second planet gears are rotationally fixed to one another.
The ring gear meshes with the first planet gear and the
sun gear meshes with the second planet gear. The sun
gearis adapted to be connected to the input shaft, the ring
gear is adapted to be connected to the first propeller, and
the planet carrier is adapted to be connected to the
second propeller.

[0019] The third aspect of the disclosure may seek to
solve the problem of providing an improved marine pro-
peller propulsion unit. Improvements may concern e.g.
one or more of energy efficiency, performance, lifetime
and costs. The use of a compound planetary gear is
advantageous as the high gear ratio that is obtainable
allows a propeller to be powered, via the input shaft, by a
high-speed motor. A motor, and an input shaft, rotating at
high speed may generate and transfer large power while
the size and weight can be kept relatively low. Thereby,
housings, such as e.g. a drive leg or other housings,
which enclose the input shaft and the planetary gear
may be compact, which is advantageous for reducing
appendage drag. A planetary gear further readily pro-
vides for rotating coaxial propellers in opposite direc-
tions.

[0020] Optionally in some examples, including in at
least one preferred example, the sun gear is directly
connected to the input shaft such that the sun gear
and the input shaft are adapted to rotate at the same
velocity. Even though the present disclosure does not
exclude a gearing operatively arranged between the sun
gear and the input shaft to increase or decrease the
speed of the sun gear, a technical benefit of the present
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disclosure may include that no such gearing is required.
[0021] Optionally in some examples, including in at
least one preferred example, the marine propeller pro-
pulsion unit comprises a propulsion motor for driving the
input shaft. A technical benefit may include that the
propulsion motor may be tailored to the compound pla-
netary gear and to other components of the marine
propeller propulsion unit.

[0022] Optionally in some examples, including in at
least one preferred example, the marine propeller pro-
pulsion unit comprises one single propulsion motor which
may be beneficial in view of size, weight and costs.
[0023] Optionally in some examples, including in at
least one preferred example, the propulsion motor is
directly connected to the input shaft such that the propul-
sion motor and the input shaft are adapted to rotate at the
same velocity. Even though the present disclosure does
not exclude a gearing operatively arranged between the
propulsion motor and the input shaft to increase or de-
crease the speed of the input shaft, a technical benefit of
the present disclosure may include that no such gearing
is required. The propulsion motor may be coaxial with the
front and rear propellers, even though the present dis-
closure does not exclude an angle gear or similar being
arranged between the propulsion motor and the propel-
lers. The propulsion motor may be arranged at essen-
tially or exactly the same vertical level as the front and
rear propellers during operation.

[0024] Optionally in some examples, including in at
least one preferred example, the propulsion motor is
coaxial with the first and second propellers. A technical
benefit may include facilitating arranging the propulsion
motor and the compound planetary gear in one and the
same housing. Thus, there may be one single housing
that is adapted to contain the propulsion motor and the
compound planetary gear, and the propellers may be
propelled by shafts extending from the housing. Said
housing may at least during operation be completely
submerged under water.

[0025] Optionally in some examples, including in at
least one preferred example, the propulsion motor and
the compound planetary gear are of approximately the
same outer dimension. A technical benefit may include
reduced appendage drag. The propulsion motor and the
compound planetary gear may be of a nearly circular
outer shape, and their outer radiuses may be approxi-
mately the same or differ by up to 30 percent. A radius
difference of up 30 percent may in the present context
may be referred to as approximately the same. Optionally
in some examples, including in at least one preferred
example, the outer dimensions differ by less than 5
percent, less than 10 percent, or less than 20 percent.
[0026] Optionally in some examples, including in at
least one preferred example, the input shaft and a first
and a second propeller shaft, which connect the respec-
tive propeller to the compound planetary gear, are coax-
ial. A technical benefit may include facilitating arranging
the input shaft and the compound planetary gear in one
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and the same housing. Said housing may at least during
operation be completely submerged under water. The
propulsion motor may be coaxial with the front and rear
propellers, even though the present disclosure does not
exclude an angle gear or similar being arranged between
the input shaft and the propeller shafts.

[0027] Optionally in some examples, including in at
least one preferred example, the second planet gear
extends radially past the ring gear. Thus, as compared
to other gear of the compound planetary gear, the second
planet gear may be comparably large. A technical benefit
may include an appropriate, and high, gear ratio. The
radius of the second planetgear may be 1.5to 3times the
radius of the first planet gear and 1.5 to 3 times the radius
of the sun gear.

[0028] Optionally in some examples, including in at
least one preferred example, the compound planetary
gear comprises three of four pairs of first and second
planet gears. A greater number of pairs may render the
design overly complex and heavy, while a lower number
of pairs may not provide sufficient strength and compli-
cate bearing design.

[0029] Optionally in some examples, including in at
least one preferred example, the marine propeller pro-
pulsion unit comprises a brake that is configured to
directly or indirectly brake the ring gear to increase the
rotational speed of the planet carrier and/or to directly or
indirectly brake the planet carrier to increase the rota-
tional speed of the ring gear. The brake may comprise
one or more brake shafts and brake gears, the latter
meshing with the ring gear or the planet carrier. A tech-
nical benefit may include tailoring the torque distributing
or speed of the propellers as desired in various operation
modes.

[0030] Optionally in some examples, including in at
least one preferred example, the compound planetary
gear comprises helical gears. The compound planetary
gear may be configured to cancel out any axial forces
generated by the compound planetary gear during op-
eration. A technical benefit may include that bearings
need to absorb less axial forces, which may lower costs.
In addition, helical gears may involve less noise and
facilitate a compact design.

[0031] Optionally in some examples, including in at
least one preferred example, the marine propeller pro-
pulsion unit does not comprise any moving part posi-
tioned radially outside the ring gear or the first or second
planet gear, apart from the propellers. A technical benefit
may include that a housing that encloses the compound
planetary gear may be compact, which may be advanta-
geous e.g. for reducing appendage drag.

[0032] The marine propeller propulsion unit may be
configured as a rearward drive or a forward drive propul-
sion unit. In both cases, the high gear ratio and other
benefits of the compound planetary gear may be advan-
tageous.

[0033] According to a fourth aspect of the disclosure,
there is provided a marine vessel comprising the marine
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propeller propulsion unit of the first or third aspects. The
marine vessel may e.g. be a planing motorboat. The latter
may be of a length up to about 60 feet. Typically, such a
planing motorboat may have a maximum speed of 25 to
50 knots.

[0034] The disclosed aspects, examples (including
any preferred examples), and/or accompanying claims
may be suitably combined with each other as would be
apparent to anyone of ordinary skill in the art. Additional
features and advantages are disclosed in the following
description, claims, and drawings, and in part will be
readily apparent therefrom to those skilled in the art or
recognized by practicing the disclosure as described
herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Examples are described in more detail below
with reference to the appended drawings.

FIG. 1 is an exemplary and schematic view of a
podded marine propeller propulsion unit and a por-
tion of a marine vessel according to an example.
FIG. 2 is an exemplary and schematic view of a
rearward drive marine propeller propulsion unit
and a stern portion of a marine vessel according to
an example.

FIG. 3 is an exemplary and schematic view of a
forward drive marine propeller propulsion unit and
a stern portion of a marine vessel according to an
example.

FIG. 4 illustrates a compound planetary gear.

DETAILED DESCRIPTION

[0036] The detailed description set forth below pro-
vides information and examples of the disclosed technol-
ogy with sufficient detail to enable those skilled in the art
to practice the disclosure.

[0037] The inventive concept of the present disclosure
involves the use of a compound planetary gear, also
known as stepped planetary gear or double planet pla-
netary gear, in a marine dual propeller propulsion unit.
Technical effects that may be obtained involve high gear
ratio and thus high efficiency and compact design.
[0038] FIG. 1 shows a marine propeller propulsion unit
1, in the form of an azimuth thruster, and a lowermost
potion of a marine vessel 20 to which the thruster is
horizontally rotatably connected. FIG. 2 shows rearward
drive (pushing) a marine propeller propulsion unit 1 com-
prising a first and a second propeller 2, 3, aka a duoprop,
and a portion of a marine vessel 20. FIG. 3 shows a unit
corresponding to FIG. 2, but configured as a forwards
(pulling) drive. In FIG. 1, the marine propeller propulsion
unit 1 comprises a compound planetary gear 10 for
driving a single propeller 3. In both FIG. 2 and FIG. 3,
the marine propeller propulsion unit 1 comprises a com-
pound planetary gear 10 for driving the first and second
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propellers 2, 3by means of aninputshaft4. There may, as
illustrated, be one single input shaft 4.

[0039] Thecompound planetary gear 10isillustratedin
planview in FIG. 4. Referring to FIG. 1 to 4, the compound
planetary gear 10 comprises a sun gear 12, a ring gear
14, aplanetcarrier 16, afirst planetgear 18iand a second
planetgear 18e. The radius of the second planetgear 18e
exceeds the radius of the first planet gear 18i, as is
illustrated. The first and second planet gears 18i, 18e
are rotationally fixed to one another. The ring gear 14
meshes with the first, smaller, planet gear 18i and the sun
gear 12 meshes with the second, larger, planet gear 18e.
The sun gear 12 is adapted to be connected to the input
shaft4, the ring gear 14 is adapted to be connected to the
first propeller 2, and the planet carrier 16 is adapted to be
connected to the second propeller 3. In the example of
FIG. 1, only comprising one propeller 3, the ring gear 14
may be stationary.

[0040] AsisshowninFIG. 1 to 3, the sun gear 12 may
be directly connected to the input shaft 4. Thereby, the
sun gear 12 and the input shaft 4 are adapted to rotate at
the same velocity. In other words, the sun gear 12 and the
input shaft 4 may be rotationally fixed to one another.
[0041] Also illustrated (FIG. 1 to 3) is a propulsion
motor 5 for driving the input shaft 4. In the present ex-
amples, the propulsion motor 5 is an electric motor, more
precisely one single electric propulsion motor 5 that is
directly connected to the input shaft 4 such that the
propulsion motor 5 and the input shaft 4 are adapted to
rotate at the same velocity. Thus, the propulsion motor 5
and the input shaft 4 may be rotationally fixed to one
another. Further, the propulsion motor 5 may be coaxial
with the first and second propellers 2, 3, as shown in FIG.
2 and FIG. 3. Also, the input shaft 4 and the first and
second propeller shafts, illustrated in FIG. 2 and FIG. 3,
may be coaxial. Referring to FIG. 1, the propulsion motor
5 may be coaxial with the single propeller 3. In the
examples FIG. 2 and FIG. 3, the first or outer propeller
shaft that drives the first propeller 2 may be welded to the
ring gear 14. The second or inner propeller shaft that
drives second propeller 3 may be welded to the planet
carrier 16. In the example of FIG. 1, the propeller shaft
may be welded to the planet carrier 16.

[0042] Inthe presentexamples, the propulsion motor 5
and the compound planetary gear 10 are of approxi-
mately the same outer dimension, as shown in FIG. 1
to FIG. 3 and denoted d in FIG. 1 and 3.

[0043] Referring to FIG. 1 to 4, the radiuses of the sun
gear 12 and the first planet gear 18i may be essentially
equal. The radiuses of the sun gear 12 and the first planet
gear 18i may typically differ by up to 20 percent.

[0044] In the illustrated examples, the radius of the
second planet gear 18e is approximately 2 times the
radius of the first planet gear 18i, a suitable ratio range
being approximately 1.5: 1 to 3:1. In the illustrated ex-
amples, the second planet gear 18e extends radially past
the ring gear 14. Thus, the diameter of the second planet
gear 18e plus the radius of the sun gear 12 may exceed
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the diameter of the ring gear 14.

[0045] As shown in FIG. 4, the present compound
planetary gears comprise three pairs of first and second
planet gears 18i, 18e. In other examples, there may be
four pairs.

[0046] As is illustrated in FIG. 1 to FIG. 3, the com-
pound planetary gear 10 may be oriented with its long-
itudinal axis A (denoted in FIG. 1 and FIG. 3) arranged
essentially in plane with the vessel 20 and thus essen-
tially horizontally. In other words, during operation, i.e.
when the vessel 20 is propelled by the marine propeller
propulsion unit 1, the compound planetary gear 10 may
be oriented with its longitudinal axis A arranged essen-
tially in plane with the vessel 20.

[0047] InFIG.3,abrakeb 14,b16 orbrake assemblyis
very schematically shown. It is to be apprehended that
the example of FIG. 2 may comprise a similar brake. The
brake may comprise aring brake b14 that is configured to
directly or indirectly brake the ring gear 14 to thereby
increase the rotational speed of the planet carrier 16. In
addition, or instead, the brake may comprise a carrier
brake b16 that is configured to directly or indirectly brake
the planet carrier 16 to thereby increase the rotational
speed of the ring gear 14. As is known to persons skilled
in the art, breaking the ring gear 14 of a compound
planetary gear 10 results in a speed increase of the planet
carrier 16, and vice versa.

[0048] Even though not illustrated, the compound pla-
netary gear 10 may comprise helical gears and be con-
figured to cancel out any axial forces generated by the
compound planetary gear 10 during operation. To obtain
such cancellation, the helical gears of the sun gear 12
and of the ring gear 14 may have opposite helix hands.
[0049] Referring again to the examples of FIG. 1 and
FIG. 3, the marine propeller propulsion unit 1 may, apart
from the propellers 2, 3, comprise no moving part posi-
tioned radially outside the ring gear 14 or the first or
second planet gear 18i, 18e. As best shown in FIG. 1,
but alsoillustrated by the dashed line in FIG. 3, there may
be one single housing 6 containing the propulsion motor 5
and the compound planetary gear 10. There may be a
similar housing (not shown) in the example of FIG. 2. As
illustrated in FIG. 1 and FIG. 3, the housing 6 may have a
radial extension, or diameter, that at least in part is
adapted to the radial extension, or diameter, of the pro-
pulsion motor 5 and the compound planetary gear 10. For
example, there may be a clearance of a few millimeters or
a couple of centimeters between the housing 6 and the
radially outer one of the propulsion motor 5 and the
compound planetary gear 10. The compound planetary
gear 10 may comprise no moving part positioned radially
outside the ring gear 14 or the first or second planet gear
18i, 18e. In other words, the radially outer one of the ring
gear 14 and the first or second planet gear 18i, 18e may
form the radially outermost moving part of the compound
planetary gear 10. The entire housing 6 may, at least
during operation, be submerged under water.

[0050] The podded marine propeller propulsion unit 1
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of present FIG. 1 comprises a compound planetary gear
10 for driving a single propeller 3, a propulsion motor 5 for
driving the compound planetary gear 10 and a completely
submersible housing 6 for enclosing the propulsion motor
5 and the compound planetary gear 10. The compound
planetary gear 10 comprises a sun gear 12, a ring gear
14, aplanetcarrier 16, afirst planetgear 18iand asecond
planetgear 18e. The radius of the second planetgear 18e
may exceed the radius of the first planet gear 18i. The first
and second planet gears 18i, 18e are rotationally fixed to
one another. The ring gear 14 meshes with the first planet
gear 18i and the sun gear 12 meshes with the second
planet gear 18e. The sun gear 12 is connected to the
propulsion motor 5 and the planet carrier 16 is connected
to the propeller 3. The ring gear 14 is fixed as regards
rotation about the longitudinal axis of the marine propeller
propulsion unit.

[0051] Again, FIG. 2 shows the marine propeller pro-
pulsion unit 1 configured as a rearward drive propulsion
unit, such that the first propeller 2 is a front propeller and
the second propeller 3 is a rear propeller. FIG. 3 shows
the marine propeller propulsion unit 1 configured as a
forward drive propulsion unit, such that the first propeller
2 is a rear propeller and the second propeller 3 is a front
propeller. The marine propeller propulsion units 1 of FIG.
2 and FIG. 3 may be embodied as azimuth thrusters, asis
the case in FIG. 1.

[0052] Also disclosed are examples according to the
following clauses:

1. Amarine propeller propulsion unit (1) comprising a
compound planetary gear (10) for driving a propeller
(3), a propulsion motor (5) for driving the compound
planetary gear (10), and a housing (6) for enclosing
the propulsion motor (5) and the compound plane-
tary gear (10), the compound planetary gear (10)
comprising

- asungear (12),

- aring gear (14),

- aplanet carrier (16), and

- afirstplanet gear (18i) and a second planetgear
(18e), wherein the radius of the second planet
gear (18e) exceeds the radius of the first planet
gear (18i) and the first and second planet gears
(18i, 18e) are rotationally fixed to one another,
wherein the ring gear (14) meshes with the first
planet gear (18i) and the sun gear (12) meshes
with the second planet gear (18e), and

wherein the sun gear (12) is adapted to be connected
to the propulsion motor (5) and the planet carrier (16)
is adapted to be connected to the propeller (3).

2. The marine propeller propulsion unit (1) of clause
1, wherein the propulsion motor (5) is an electric
motor.

3. The marine propeller propulsion unit (1) of clause 1
or 2, wherein the marine propulsion unit (1) is con-
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figured such that the housing (6) at least during
operation is completely submerged under water,
and wherein, optionally, the propulsion motor (5)
and the compound planetary gear (10) are of ap-
proximately the same outer dimension (d).

4. The marine propeller propulsion unit (1) of any
preceding clause, wherein the radiuses of the sun
gear (12) and the first planet gear (18i) are essen-
tially equal or differ by up to 20 percent.

5. The marine propeller propulsion unit (1) of any
preceding clause, wherein the radius of the second
planet gear (18e) is 1.5 to 3 times the radius of the
first planet gear (18i).

6. The marine propeller propulsion unit (1) of any
preceding clause, wherein the compound planetary
gear (10) is adapted to during operation be arranged
with its longitudinal axis (A) arranged essentially in
plane with a vessel (20) that comprises, and during
operation is propelled by, the marine propeller pro-
pulsion unit (1).

7. The marine propeller propulsion unit (1) of any
preceding clause, wherein the compound planetary
gear (10) comprises helical gears and is configured
to cancel out any axial forces generated by the
compound planetary gear (10) during operation.

8. The marine propeller propulsion unit (1) of any
preceding clause, wherein the marine propeller pro-
pulsion unit (1) does not comprise any moving part
positioned radially outside the ring gear (14) or the
first or second planet gear (18i, 18e), apart from the
propeller (2).

9. The marine propeller propulsion unit (1) of any
preceding clause, wherein the sun gear (12) is con-
nected to the propulsion motor (5) such that the sun
gear (12) and the propulsion motor (5) are adapted to
rotate at the same velocity.

10. The marine propeller propulsion unit (1) of any
preceding clause, wherein the compound planetary
gear (10)is configured for driving a firstand a second
propeller (2, 3), wherein the ring gear (14) is adapted
to be connected to the first propeller (2), and the
planet carrier (16) is adapted to be connected to the
second propeller (3).

11. The marine propeller propulsion unit (1) of clause
10, comprising one single input shaft (4) connecting
the compound planetary gear (10) and the propul-
sion motor (5).

12. The marine propeller propulsion unit (1) of clause
11, wherein the propulsion motor (5) is directly con-
nected to the input shaft (4) such that the propulsion
motor (5) and the input shaft (4) are adapted to rotate
at the same velocity.

13. The marine propeller propulsion unit (1) of any
preceding clause, wherein the marine propeller pro-
pulsion unit (1) is configured as a rearward drive
propulsion unit, and the first propeller (2) is a front
propeller and the second propeller (3) is a rear
propeller or, wherein the marine propeller propulsion
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unit (1) is configured as a forward drive propulsion
unit, and the first propeller (2) is a rear propeller and
the second propeller (3) is a front propeller.

14. Use of acompound planetary gear (1) inamarine
propeller propulsion unit (1) for driving a first and a
second propeller (2, 3) by means of an input shaft (4),
wherein the compound planetary gear (10) com-
prises: a sun gear (12); a ring gear (14); a planet
carrier (16); and a first planet gear (18i) and a second
planet gear (18e), wherein the radius of the second
planet gear (18e) exceeds the radius of the first
planet gear (18i) and the first and second planet
gears (18i, 18e) are rotationally fixed to one another;
wherein the ring gear (14) meshes with the first
planet gear (18i) and the sun gear (12) meshes with
the second planet gear (18e); and the sun gear (12)
is adapted to be connected to the input shaft (4), the
ring gear (14) is adapted to be connected to the first
propeller (2), and the planet carrier (16) is adapted to
be connected to the second propeller (3).

15. A marine vessel (20) comprising the marine
propeller propulsion unit (1) according to any one
of clauses 1 to 13.

16. Amarine propeller propulsion unit (1) comprising
acompound planetary gear (10) for driving a firstand
a second propeller (2, 3) by means of an input shaft
(4), optionally one single input shaft (4), wherein the
compound planetary gear (10) comprises a sun gear
(12), aring gear (14), a planet carrier (16), and a first
planet gear (18i) and a second planet gear (18e),
wherein the radius of the second planet gear (18e)
exceeds the radius of the first planet gear (18i) and
the first and second planet gears (18i, 18e) are
rotationally fixed to one another; wherein the ring
gear (14) meshes with the first planet gear (18i) and
the sun gear (12) meshes with the second planet
gear (18e), and the sun gear (12) is adapted to be
connected to the input shaft (4), the ring gear (14) is
adapted to be connected to the first propeller (2), and
the planet carrier (16) is adapted to be connected to
the second propeller (3).

17. The marine propeller propulsion unit (1) of clause
16, wherein the sun gear (12) is directly connected to
the input shaft (4) such that the sun gear (12) and the
input shaft (4) are adapted to rotate at the same
velocity.

18. The marine propeller propulsion unit (1) of clause
16 or 17, comprising a propulsion motor (5) for driv-
ing the input shaft (4).

19. The marine propeller propulsion unit (1) of clause
18, wherein the propulsion motor (5) is an electric
motor.

20. The marine propeller propulsion unit (1) of any
preceding clause, wherein the marine propeller pro-
pulsion unit (1) comprises one single propulsion
motor (5).

21. The marine propeller propulsion unit (1) accord-
ing to any of clauses 18 to 20, wherein the propulsion
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motor (5) is directly connected to the input shaft (4)
such that the propulsion motor (5) and the input shaft
(4) are adapted to rotate at the same velocity.

22. The marine propeller propulsion unit (1) accord-
ing to any of clauses 18 to 21, wherein the propulsion
motor (5) is coaxial with the first and second propel-
lers (2, 3).

23. The marine propeller propulsion unit (1) accord-
ing clauses 22, wherein the propulsion motor (5) and
the compound planetary gear (10) are of approxi-
mately the same outer dimension (d).

24. The marine propeller propulsion unit (1) accord-
ing to any of clauses 16 to 23, wherein the input shaft
(4) and a first and a second propeller shaft, which
connect the respective propeller (2, 3) to the com-
pound planetary gear (10), are coaxial.

25. The marine propeller propulsion unit (1) accord-
ing to any of clauses 22 to 24, comprising a housing
(6) that is adapted to contain the compound plane-
tary gear (10) and the propulsion motor (5).

26. The marine propeller propulsion unit (1) of clause
25, configured such that the housing (6) is comple-
tely submerged under water during operation.

27. The marine propeller propulsion unit (1) accord-
ing to any of clauses 16 to 26, wherein the radiuses of
the sun gear (12) and the first planet gear (18i) are
essentially equal or differ by up to 20 percent.

28. The marine propeller propulsion unit (1) accord-
ing to any of clauses 16 to 27, wherein the radius of
the second planet gear (18e) is 1.5 to 3 times the
radius of the first planet gear (18i).

29. The marine propeller propulsion unit (1) accord-
ing to clause 27 or 28, wherein the second planet
gear (18e) extends radially past the ring gear (14).
30. The marine propeller propulsion unit (1) of any
preceding clause, wherein the compound planetary
gear (10) comprises three of four pairs of first and
second planet gears (18i, 18e).

31. The marine propeller propulsion unit (1) accord-
ing to any of clauses 16 to 30, wherein the compound
planetary gear (10) is adapted to during operation be
arranged with its longitudinal axis (A) arranged es-
sentially in plane with a vessel (20) that comprises,
and during operation is propelled by, the marine
propeller propulsion unit (1).

32. The marine propeller propulsion unit (1) of any
preceding clause, comprising a brake (b14, b16)
configured to directly orindirectly brake the ring gear
(14) to increase the rotational speed of the planet
carrier (16) and/or to directly or indirectly brake the
planet carrier (16) to increase the rotational speed of
the ring gear (14).

33. The marine propeller propulsion unit (1) of any
preceding clause, wherein the compound planetary
gear (10) comprises helical gears and is configured
to cancel out any axial forces generated by the
compound planetary gear during operation.
34.The marine propeller propulsion unit (1) of clause
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33, wherein helical gears of the sun gear (12) and of
the ring gear (14) have opposite helix hands.

35. The marine propeller propulsion unit (1) accord-
ing to any of clauses 16 to 34, wherein the marine
propeller propulsion unit (1) does not comprise any
moving part positioned radially outside the ring gear
(14) or the first or second planet gear (18i, 18e), apart
from the propellers (2, 3).

36. The marine propeller propulsion unit (1) accord-
ing to any of clauses 16 to 35, wherein the marine
propeller propulsion unit (1) is configured as a rear-
ward drive propulsion unit, and the first propeller (2)
is a front propeller and the second propeller (3) is a
rear propeller.

37. The marine propeller propulsion unit (1) accord-
ing to any of clauses 16 to 35, wherein the marine
propeller propulsion unit (1) is configured as a for-
ward drive propulsion unit, and the first propeller (2)
is a rear propeller and the second propeller (3) is a
front propeller.

38. Use of acompound planetary gear (1) in a marine
propeller propulsion unit (1) for driving a first and a
second propeller (2, 3) by means of an input shaft (4),
wherein the compound planetary gear (10) com-
prises: a sun gear (12); a ring gear (14); a planet
carrier (16); and a first planet gear (18i) and a second
planet gear (18e), wherein the radius of the second
planet gear (18e) exceeds the radius of the first
planet gear (18i) and the first and second planet
gears (18i, 18e) are rotationally fixed to one another;
wherein the ring gear (14) meshes with the first
planet gear (18i) and the sun gear (12) meshes with
the second planet gear (18e); and the sun gear (12)
is adapted to be connected to the input shaft (4), the
ring gear (14) is adapted to be connected to the first
propeller (2), and the planet carrier (16) is adapted to
be connected to the second propeller (3).

39. A marine vessel (20) comprising the marine
propeller propulsion unit (1) according to any one
of clauses 16 to 37.

40. The marine vessel (20) of clause 39, wherein the
marine vessel (20) is a planing motorboat.

[0053] The terminology used herein is for the purpose
of describing particular aspects only and is not intended
to be limiting of the disclosure. As used herein, the
singular forms "a," "an," and "the" are intended to include
the plural forms as well, unless the context clearly in-
dicates otherwise. As used herein, the term "and/or"
includes any and all combinations of one or more of
the associated listed items. It will be further understood
that the terms "comprises," "comprising," "includes," an-
d/or"including" when used herein specify the presence of
stated features, integers, actions, steps, operations, ele-
ments, and/or components, but do not preclude the pre-
sence or addition of one or more other features, integers,
actions, steps, operations, elements, components, an-
d/or groups thereof.
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[0054] It will be understood that, although the terms
first, second, etc., may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one
element from another. For example, a first element could
be termed a second element, and, similarly, a second
element could be termed a first elementwithout departing
from the scope of the present disclosure.

[0055] Relative terms such as "below" or "above" or
"upper" or"lower" or "horizontal" or "vertical" may be used
herein to describe a relationship of one element to an-
other element as illustrated in the Figures. It will be
understood that these terms and those discussed above
are intended to encompass different orientations of the
device in addition to the orientation depicted in the Fig-
ures. It will be understood that when an element is
referred to as being "connected" or "coupled" to another
element, it can be directly connected or coupled to the
other element, or intervening elements may be present.
In contrast, when an element is referred to as being
"directly connected" or "directly coupled" to another ele-
ment, there are no intervening elements present.
[0056] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this disclosure belongs. It will be
further understood that terms used herein should be
interpreted as having a meaning consistent with their
meaning in the context of this specification and the re-
levant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0057] Itistobe understood thatthe presentdisclosure
is not limited to the aspects described above and illu-
strated in the drawings; rather, the skilled person will
recognize that many changes and modifications may
be made within the scope of the present disclosure
and appended claims. In the drawings and specification,
there have been disclosed aspects for purposes of illus-
tration only and not for purposes of limitation, the scope of
the disclosure being set forth in the following claims.

Claims

1. A marine propeller propulsion unit (1) comprising a
compound planetary gear (10) for driving a propeller
(3), a propulsion motor (5) for driving the compound
planetary gear (10), and a housing (6) for enclosing
the propulsion motor (5) and the compound plane-
tary gear (10), the compound planetary gear (10)
comprising

- asun gear (12),

- aring gear (14),

- a planet carrier (16), and

- a first planet gear (18i) and a second planet
gear (18e), wherein the radius of the second
planet gear (18e) exceeds the radius of the first
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10.

planet gear (18i) and the first and second planet
gears (18i, 18e) are rotationally fixed to one
another,

wherein the ring gear (14) meshes with the first
planet gear (18i) and the sun gear (12) meshes
with the second planet gear (18e), and

wherein the sun gear (12) is adapted to be connected
to the propulsion motor (5) and the ring gear (14) is
adapted to be connected to the propeller (3).

The marine propeller propulsion unit (1) of claim 1,
wherein the propulsion motor (5) is an electric motor.

The marine propeller propulsion unit (1) of claim 1 or
2, wherein the marine propulsion unit (1) is config-
ured such that the housing (6) at least during opera-
tion is completely submerged under water.

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the radiuses of the sun gear
(12) and the first planet gear (18i) are essentially
equal or differ by up to 20 percent.

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the radius of the second planet
gear (18e) is 1.5 to 3 times the radius of the first
planet gear (18i).

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the compound planetary gear
(10) is adapted to during operation be arranged with
its longitudinal axis (A) arranged essentially in plane
with a vessel (20) that comprises, and during opera-
tion is propelled by, the marine propeller propulsion
unit (1).

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the compound planetary gear
(10) comprises helical gears and is configured to
cancel out any axial forces generated by the com-
pound planetary gear (10) during operation.

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the marine propeller propul-
sion unit (1) does not comprise any moving part
positioned radially outside the ring gear (14) or the
first or second planet gear (18i, 18e), apart from the
propeller (3).

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the sun gear (12) is connected
to the propulsion motor (5) such that the sun gear
(12) and the propulsion motor (5) are adapted to
rotate at the same velocity.

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the compound planetary gear
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(10) is configured for driving a first and a second
propeller (2, 3), wherein the ring gear (14) is adapted
to be connected to the first propeller (2), and the
planet carrier (16) is adapted to be connected to the
second propeller (3).

The marine propeller propulsion unit (1) of claim 10,
comprising one single input shaft (4) connecting the
compound planetary gear (10) and the propulsion
motor (5).

The marine propeller propulsion unit (1) of claim 11,
wherein the propulsion motor (5) is directly con-
nected to the input shaft (4) such that the propulsion
motor (5) and the input shaft (4) are adapted to rotate
at the same velocity.

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the marine propeller propul-
sion unit (1) is configured as a rearward drive propul-
sion unit, and the first propeller (2) is a front propeller
and the second propeller (3) is a rear propeller or,
wherein the marine propeller propulsion unit (1) is
configured as a forward drive propulsion unit, and the
first propeller (2) is a rear propeller and the second
propeller (3) is a front propeller.

Use of a compound planetary gear (1) in a marine
propeller propulsion unit (1) for driving a first and a
second propeller (2, 3) by means of an input shaft (4),
wherein the compound planetary gear (10) com-
prises: a sun gear (12); a ring gear (14); a planet
carrier (16); and afirst planet gear (18i) and a second
planet gear (18e), wherein the radius of the second
planet gear (18e) exceeds the radius of the first
planet gear (18i) and the first and second planet
gears (18i, 18e) are rotationally fixed to one another;
wherein the ring gear (14) meshes with the first
planet gear (18i) and the sun gear (12) meshes with
the second planet gear (18e); and the sun gear (12)
is adapted to be connected to the input shaft (4), the
ring gear (14) is adapted to be connected to the first
propeller (2), and the planet carrier (16) is adapted to
be connected to the second propeller (3).

Amarine vessel (20) comprising the marine propeller
propulsion unit (1) according to any one of claims 1 to
13.

Amended claims in accordance with Rule 137(2)
EPC.

A marine propeller propulsion unit (1) comprising a
compound planetary gear (10) for driving afirstand a
second propeller (2, 3), a propulsion motor (5) for
driving the compound planetary gear (10), and a
housing (6) for enclosing the propulsion motor (5)
and the compound planetary gear (10), the com-
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10

pound planetary gear (10) comprising

- asun gear (12),

- aring gear (14),

- a planet carrier (16), and

- a first planet gear (18i) and a second planet
gear (18e), wherein the radius of the second
planet gear (18e) exceeds the radius of the first
planet gear (18i) and the first and second planet
gears (18i, 18e) are rotationally fixed to one
another,

wherein the ring gear (14) meshes with the first
planet gear (18i) and the sun gear (12) meshes
with the second planet gear (18e), and

wherein the sun gear (12)is adapted to be connected
to the propulsion motor (5), the ring gear (14) is
adapted to be connected to the first propeller (2),
and the planet carrier (16) is adapted to be con-
nected to the second propeller (3).

The marine propeller propulsion unit (1) of claim 1,
wherein the propulsion motor (5) is an electric motor.

The marine propeller propulsion unit (1) of claim 1 or
2, wherein the marine propulsion unit (1) is config-
ured such that the housing (6) at least during opera-
tion is completely submerged under water.

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the radiuses of the sun gear
(12) and the first planet gear (18i) are essentially
equal or differ by up to 20 percent.

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the radius of the second planet
gear (18e) is 1.5 to 3 times the radius of the first
planet gear (18i).

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the compound planetary gear
(10) is adapted to during operation be arranged with
its longitudinal axis (A) arranged essentially in plane
with a vessel (20) that comprises, and during opera-
tion is propelled by, the marine propeller propulsion
unit (1).

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the compound planetary gear
(10) comprises helical gears and is configured to
cancel out any axial forces generated by the com-
pound planetary gear (10) during operation.

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the marine propeller propul-
sion unit (1) does not comprise any moving part
positioned radially outside the ring gear (14) or the
first or second planet gear (18i, 18e), apart from the
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propellers (2, 3).

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the sun gear (12) is connected
to the propulsion motor (5) such that the sun gear
(12) and the propulsion motor (5) are adapted to
rotate at the same velocity.

The marine propeller propulsion unit (1) of any pre-
ceding claim, comprising one single input shaft (4)
connecting the compound planetary gear (10) and
the propulsion motor (5).

The marine propeller propulsion unit (1) of claim 10,
wherein the propulsion motor (5) is directly con-
nected to the input shaft (4) such that the propulsion
motor (5) and the input shaft (4) are adapted to rotate
at the same velocity.

The marine propeller propulsion unit (1) of any pre-
ceding claim, wherein the marine propeller propul-
sion unit (1) is configured as a rearward drive propul-
sion unit, and the first propeller (2) is a front propeller
and the second propeller (3) is a rear propeller or,
wherein the marine propeller propulsion unit (1) is
configured as a forward drive propulsion unit, and the
first propeller (2) is a rear propeller and the second
propeller (3) is a front propeller.

Use of a compound planetary gear (1) in a marine
propeller propulsion unit (1) for driving a first and a
second propeller (2, 3) by means of an input shaft (4),
wherein the compound planetary gear (10) com-
prises: a sun gear (12); a ring gear (14); a planet
carrier (16); and afirst planet gear (18i) and a second
planet gear (18e), wherein the radius of the second
planet gear (18e) exceeds the radius of the first
planet gear (18i) and the first and second planet
gears (18i, 18e) are rotationally fixed to one another;
wherein the ring gear (14) meshes with the first
planet gear (18i) and the sun gear (12) meshes with
the second planet gear (18e); and the sun gear (12)
is adapted to be connected to the input shaft (4), the
ring gear (14) is adapted to be connected to the first
propeller (2), and the planet carrier (16) is adapted to
be connected to the second propeller (3).

Amarine vessel (20) comprising the marine propeller
propulsion unit (1) according to any one of claims 1 to
12.
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