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(54) MARINE POD DRIVE

(57)  The present invention relates to a marine pod
drive (1, 2) with a first propeller (11) and a second pro-
peller (21), which are arranged at a pod (5). The marine
poddrive (1, 2) comprising a first drive machine (10, 210),
which drives the first propeller (11) and a second drive
machine (20), which drives the second propeller (21).
Thefirstdrive machine (10, 210) is operatively connected
to the first propeller (11) via a drive train (3) comprising a
vertical shaft (15) and a lower bevel gear unit (16). The
second drive machine (20) is an electric motor, which is
arranged inside a housing (4) of the pod (5). The first
propeller (11) is arranged at a trailing end of the pod (5)
and the second propeller (21) is arranged ataleading end
of the pod (5).

The invention further relates to a ship (100, 200) with
such a marine pod drive (1, 2).
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Description

[0001] The present invention relates to a marine pod
drive with two propellers and to a ship with such a marine
pod drive.

[0002] Different marine pod drives with two propellers
are known from prior art, wherein a first propeller and a
second propeller can be driven by one or two drive
machines. Conventional marine pod drives with two pro-
pellers comprise a drive machine, typically a combustion
engine, which is mounted inside a hull of a ship. The
power from the drive machine is transmitted via a drive
train with shafts and transmission elements to the pro-
pellers, which are arranged at one end of the pod. The
pod is positioned underneath the hull. It can be mounted
to the bottom of the hull by means of a strut.

[0003] In recent years there is an increasing demand
for marine drive units with electric drive machines for
environmental and efficiency reasons. For these reasons
several marine drive units have been proposed in form of
electric drives. In the EP 4 215 434 A1 a pod propulsion
system with counter rotating propellers has been dis-
closed, wherein a first electric motor is arranged to drive
a first propeller and wherein a second electric motor is
arranged to drive a second propeller. The first and the
second electric motors are housed within a pod under-
neath the hull of the marine vessel. The first and the
second electric motors can be operated either indepen-
dently or interdependently.

[0004] The purpose of the present invention is to pro-
vide an improved marine pod drive with two propellers
with compact outline dimensions and a high level of
reliability. The marine pod drive shall have a wide range
of applicability.

[0005] These purposes are achieved by a marine pod
drive according to claim 1 and by a ship according to claim
8. Further embodiments are claimed in dependent
claims.

[0006] The present invention provides a marine pod
drive with afirst propeller and a second propeller, wherein
the first propeller is arranged at a trailing end of the pod
and the second propeller is arranged at a leading end of
the pod, so that the first propeller works as a pushing
propeller and the second propeller works as a pulling
propeller. In other words there is one propeller arranged
at each end of the pod, one as a front propeller and the
otheras arear propeller. Both propellers can be arranged
coaxially to each other, to achieve high efficiencies.
[0007] The podis arranged underneath a hull of a ship.
The marine pod drive comprises a first drive machine
which drives the first propeller and a second drive ma-
chine which drives the second propeller. The first drive
machine is operatively connected to the first propeller via
a mechanical drive train comprising a vertical shaft, a
lower bevel gear unit and a first propeller shaft. That
means, that the first drive machine is positioned in a
position above the pod and the power of the first drive
machine is transmitted to the first propeller via said
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mechanical drive train to the first propeller. Preferably
the firstdrive machine is located inside the hull of the ship.
Whereas the second drive machine is an electric motor
which is arranged inside a housing of the pod.

[0008] The first drive machine may be arranged inside
the hull with a vertical or a horizontal alignment, i.e. with a
vertical or horizontal motor shaft or crank shaft. In em-
bodiments with a horizontally arranged crank shaft or
motor shaft, the drive train comprises an upper bevel gear
unitwhichis arranged at an upper end of the vertical shaft
to connect a horizontal drive shaft with the vertical shaft.
In an embodiment with a vertically arranged first drive
machine, the motor shaft can be connected to the vertical
shaft without an upper bevel gear unit. Particularly in
embodiments with a vertically arranged first drive ma-
chine, the first drive machine may at least partially be
arranged inside a strut of the pod, which is attached to the
hull. The terms horizontal and vertical refer to a marine
pod drive mounted in an operating position on a ship in
calm water, with the water surface being a horizontal
plane. However, the terms horizontal and vertical do
not limit the corresponding direction to an exact direction
butinclude deviations from an exact horizontal or vertical
direction up to an angle of 15 degrees.

[0009] There are several benefits of the new combina-
tion of a first drive machine inside the hull and a second
drive machine in form of an electric motorin the pod. Such
an arrangement of the first and second drive machine
allows for independent control and operation of the first
and second propeller. In particular, the first and the
second drive machines can be operated completely dis-
connected, so that they are not influencing each other.
The first and the second drive machines can be of differ-
ent size and power rating. Preferably the first drive ma-
chine is a main drive machine with higher power rating
than the second drive machine. The higher power rating
of the first drive machine can be set so, as to meet
maximum power demands of the marine pod drive.
The smaller electric second drive machine inside the
housing of the pod allows for a very compact and stream-
lined housing of the pod, what increases the hydrody-
namic efficiency of the marine pod drive.

[0010] When both propellers are driven, they can be
driven in counter rotating directions. Pods with counter
rotating propellers provide higher efficiencies over pods
with a single propeller. The first propeller is fixed to a first
propeller shaft and the second propeller is fixed to a
second propeller shaft. The first propeller shaft and the
second propeller shaft can both be supported by rolling
bearings in the housing of the pod.

[0011] Indifferent embodiments the first drive machine
can be either a combustion engine or an electric motor.
An embodiment with a combustion engine as the first
drive machine and an electric motor as the second drive
machine is called hybrid version, whereas an embodi-
ment with each one electric motor as first and second
drive machines is an all-electric version.

[0012] In the hybrid version, i.e. when the first drive
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machine is a combustion engine, the drive train between
the first drive machine and the first propeller may com-
prise a forward clutch and a reverse clutch to allow
operation of the first propeller in forward, reverse and
neutral. Said clutches can be arranged in an upper gear-
box together with the upper bevel gear unit, as known
from conventional marine drive units. In another embodi-
ment of the hybrid version, the reverse propulsion can be
effected by the electric second drive machine and the
second propeller only, so that a simple drive train without
any switchable clutch can be installed for the first pro-
peller.

[0013] Further aspects of the invention belong to dif-
ferent operating modes of the proposed marine pod
drive. One aspect is a method to operate the marine
pod drive in a socalled Eco-mode, wherein the first drive
machine is only running, when the power requirement
exceeds a maximum power from the second drive ma-
chine. The second drive machine in the pod allows cruis-
ing with low noise and zero emission, when only the
electric motor, i.e. the second drive machine is operating.
This is necessary to be allowed to enter protected areas,
where ships are forbidden, which are driven by a com-
bustion engine. Another advantage of the pure electric
mode is, that there is no mechanical wear in the drive
train, which increases its service life.

[0014] In other operating phases the second drive
machine can be operated together with the first drive
machine in a booster mode. This way the power of both
drive machines can be applied to reach a maximum
power of the marine pod drive. The all-electric marine
pod drive has the additional benefits of lower mainte-
nance costs and no fuel costs compared to a pod drive
with a combustion engine.

[0015] Inthe all-electric version the firstand the second
propeller can be used for recharging electric batteries,
from the hydrogeneration effect, when the corresponding
electric motor is operating in a generator mode. The
effect of hydrogeneration can be used during sailing,
when both drive machines are switched to a generator
mode and the first and the second propellers are driven
by the water streaming through the propeller areas of
both propellers. Hence, the propellers drive the motor
shafts of the electric motors and generate electric energy,
which can be stored in batteries on board of the ship.
Such an operation mode can be called a charge mode
from sailing cruising.

[0016] Withthe hybrid version of the marine pod drive a
corresponding charge mode from sailing cruising is also
possible, by means of the second propeller and the
second drive machine, which is the electric machine.
The hybrid version of the marine pod drive additionally
allows recharging in a charge mode from the combustion
engine. In the charge mode from the combustion engine,
the combustion engine is used to drive the ship by means
of the first propeller, while the motor shaft of the electric
motor being rotated by the effect of the water streaming
through the propeller area of the second propeller which
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is coupled to the electric motor. Consequently electric
energy is generated by operating the electric motor as a
generator.

[0017] The all-electric version and the hybrid version
can both be operated in a mode, where only the first drive
machine is operative. As an example this mode can be
used to save electric energy in the batteries for later
operations in the Eco-mode as described above.
[0018] Inone embodiment ofthe all-electric version the
first drive machine is an electric motor, which is operated
in a high voltage range, for example in a voltage range of
360 to 400V. The second drive machine can be operated
in alow voltage range, for example with a nominal voltage
of 48 Volt. Such a configuration can beneficially be used
in a marine pod drive with the first drive machine as a
main drive and the second drive machine as an auxiliary
drive to achieve the benefits mentioned above.

[0019] A speed reduction gear can be arranged be-
tween the second drive machine and the second propel-
ler. The rotation speed of the motor shaft of the second
drive machine can be matched to a desired rotation
speed of the second propeller in a simple manner by
means of the speed reduction gear. Preferably, such a
speed reduction gearis a planetary gear, which allows for
compact design and a relatively high reduction ratio.
[0020] For an independent control of the first and sec-
ond propeller operation, a first control unit can be pro-
vided to control the first drive machine and a second
control unit can be provided for the control of the second
drive machine. Hence, there can be separate control
units to control the drive units of both propellers. Each
control unit may comprise several control devices with
electronic components like processors, memories for
storing data and/or software, interfaces and further com-
munication means. The two independent drive machines
and control units provide redundancy and a high relia-
bility. In this regard the second drive machine can be a
backup solution in case of a failure or lack of the first drive
machine. The first and the second control units can be
both connected to a control system of the ship. An appro-
priate drive mode in every situation can be determined
and selected by the control system, depending on com-
mand signals from one or more control heads or other
HMI on the ship. Consequently corresponding com-
mands for the operation of the first and second drive
machines can be transmitted to the first and second
control unit.

[0021] The proposed marine pod drive can be used as
a saildrive for sailing boats and ships. The invention will
be further and more particularly described in the follow-
ing, by way of example only, and with reference to the
accompanying figure.

Fig. 1 shows a hybrid version of a marine pod drive
according to the invention in a schematic draw-
ing and

Fig.2 shows an all-electric version of a marine pod
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drive according to the invention in a schematic
drawing.

[0022] The marine pod drive 1 as shown in Fig. 1 is
mounted on a ship 100. A first drive machine 10 in form of
a combustion engine is mounted inside a hull 101 of the
ship 100. The marine pod drive 1 further comprises a first
propeller 11 and a second propeller 21, which are ar-
ranged at a pod 5. The first propeller 11 is arranged at a
trailing end of the pod 5 and the second propeller 21 is
arranged at a leading end of the pod 5, so that the first
propeller 11 works as a pushing propeller and the second
propeller 21 acts as a pulling propeller. The first propeller
11 is fixed to a first propeller shaft 17, which is supported
by a bearing 18 in a housing 4 of the pod 5. The second
propeller 21 is fixed to a second propeller shaft 22, which
is supported by bearing 24 in the housing 4. Both bear-
ings can be roller or needle bearings, as an example.
Each propeller shaft 17, 22 can be supported in more
than one bearing inside the housing 4. The steerable pod
5 is mounted underneath the hull 101. The pod 5 can be
rotated about a vertical rotation axis 6 to steer the ship
100 in a desired heading. However, other embodiments
of the invention can comprise a non-steerable pod, i.e. a
pod which is non-rotatably attached to the hull of a ship.
[0023] Afirstdrive machine 10 drives the first propeller
11 and a second drive machine 20 drives the second
propeller 21. The first drive machine 10 is operatively
connected to the first propeller 11 via a mechanical drive
train 3. Drive train 3 comprises an upper bevel gear unit
12 whichis arranged at an upper end of a vertical shaft 15
to connect a horizontal drive shaft 19 with the vertical
shaft 15. The horizontal drive shaft 19 is the input shaft of
the upper bevel gear unit 12. The horizontal drive shaft 19
is drivingly connected to a crank shaft 7 of the first drive
machine 10 by means of a coupling 8. The vertical shaft
15is coupled to a first propeller shaft 17 by a lower bevel
gear unit 16. At the upper bevel gear unit 12 there is a
forward clutch 13 and a reverse clutch 14 provided, to
allow operation of the first propeller 11 in forward, in
reverse and in a neutral operation mode. Said clutches
13 and 14 are pressure operated clutches, as known from
conventional pod drive units with combustion engines as
a main drive.

[0024] The second drive machine 20 is an electric
motor, which is arranged inside the housing 4 of the
pod 5. The second drive machine 20 comprises a stator
which is fixed to the housing 4 and a rotor, which is
coupled to the second propeller shaft 22. A speed reduc-
tion gear 23 is arranged between the second drive ma-
chine 20 and the second propeller shaft 22 inside the
housing 4 of the pod 5. The speed reduction gear 23
reduces high rotational speeds of the electric motor shaft
to appropriate rotational speeds at the second propeller
21.

[0025] A first control unit 30 is provided to control the
firstdrive machine 10, 210, and wherein a second control
unit 25 is provided for the control of the second drive
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machine 20.

[0026] The Fig. 2 shows a marine pod drive 2 in an all-
electric version. This means, that the first drive machine
210 and the second drive machine 20 are both electric
motors. The first drive machine 210 in this embodiment is
a high voltage electric machine with a nominal voltage
range of 360 to 400V. The second drive machine 20 is a
low voltage machine with a nominal voltage of 48 Volt.
The motor shaft 209 of the first drive machine 210 is
connected to the input shaft 19 of the upper bevel gear
unit 12 by coupling 8. The other components of the all-
electric version are the same as in the hybrid version
described above. Therefore, these components refer to
the same referral numbers and are not further described
here. In such an embodiment the second drive machine
20 provides a backup solution in case of failure or lack of
the first drive machine 210. The all-electric version re-
quires significantly lower costs for maintenance com-
pared to conventional pod drives with a combustion en-
gine and to the hybrid version.

Referals
[0027]

1 marine pod drive - hybrid version
2 marine pod drive - all-electric version
3 drive train

4 housing

5 pod

6 rotation axis

7 crank shaft

8 coupling

10 first drive machine - combustion engine
11 first propeller

12 upper bevel gear unit

13  forward clutch

14  reverse clutch

15  vertical shaft

16  lower bevel gear unit

17  first propeller shaft

18 bearing

19  horizontal drive shaft

20 second drive machine

21 second propeller

22  second propeller shaft

23  speed reduction gear

24 bearing

25  second control unit

30 first control unit

100 ship

101 hull

200 ship

209  motor shaft

210 first drive machine - electric motor
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Claims

1. Marine poddrive (1, 2) with afirst propeller (11) and a
second propeller (21), wherein the first propeller (11)
is arranged at a trailing end of the pod (5) and where- 5
in the second propeller (21) is arranged at a leading
end of the pod (5),
the marine pod drive (1, 2) further comprising a first
drive machine (10, 210) which drives the first pro-
peller (11) and a second drive machine (20) which 70
drives the second propeller (21), wherein the first
drive machine (10, 210) is operatively connected to
the first propeller (11) via a drive train (3) comprising
a vertical shaft (15) and a lower bevel gear unit (16),
and wherein the second drive machine (20) is an 15
electric motor which is arranged inside a housing (4)
of the pod (5).

2. Marine poddrive (1, 2) according to claim 1, wherein
the drive train (3) comprises an upper bevel gearunit 20
(12) which is arranged at an upper end of the vertical
shaft (15) to connect a horizontal drive shaft (19) with
the vertical shaft (15).

3. Marine pod drive (1, 2) according to claim 1 or 2, 25
wherein the first drive machine (10, 210) is a com-
bustion engine, and wherein the drive train (3) com-
prises aforward clutch (13) and areverse clutch (14).

4. Marine poddrive (1,2)according to one of the claims 30
1 or 2, wherein the first drive machine (10, 210) is an
electric motor.

5. Marine pod drive (1, 2) according to claim 4, wherein
the first drive machine (10, 210) is a high voltage 35
electric machine with a nominal voltage range of 360
to 400V, and wherein the second drive machine (20)
is alow voltage machine with a nominal voltage of 48
Volt.

40
6. Marine pod drive (1, 2) according to one of the
preceding claims, wherein a speed reduction gear
(23) is arranged between the second drive machine
(20) and the second propeller (21).
45

7. Marine pod drive (1, 2) according to one of the
preceding claims, wherein a first control unit (30)
is provided to control the first drive machine (10,
210), and wherein a second control unit (25) is
provided for the control of the second drive machine 50
(20).

8. Ship (100, 200) with a hull (101) and with a marine
pod drive (1, 2) according to one of the preceding
claims, wherein the first drive machine (10, 210) is %%
located inside the hull (101).
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