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(57) Abstract: The invention relates to a submarine drive system (1) of a submarine, comprising a drive shaft (2), comprising a drive
propeller (3) coupled to the drive shaft (2), comprising an electric motor (4, 5) for driving the drive shaft (2), wherein a main drive
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and wherein an additional drive having at least one second electric motor (5) is designed for part-load operation for creep operation or
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SUBMARINE DRIVE SYSTEM

The invention relates to a submarine drive system.

Submarine drive systems comprising a drive shaft,
comprising a drive propeller coupled to the drive shaft
and comprising an electric machine for driving the
drive shaft are already known. Here, the electric
machine of a submarine drive system is directly coupled
to the drive shaft according to the practice. Here, the
electric machine 1is utilised both for full-load
operation and also for a part-load operation.
Efficiency disadvantages result in particular during
the part-load operation. Furthermore, relative large

electric machines have to be employed.

From DE 10 2012 208 065 Al a drive system of a ship is
known, in the case of which an electric machine is
directly or indirectly coupled to a drive shaft via a
transmission. By connecting a transmission between the
electric machine and the drive shaft, smaller, lighter
and more cost-effective electric machines can be
employed, in particular since the electric machine can
then be operated with a rotational speed of the drive
shaft or of the drive propeller driven by the drive
shaft that 1is higher than the required rotational

speed.

Starting out from this, the present invention is based
on the object of creating a new type of submarine drive

system.



According to the invention, a main drive comprising at least
one first electric machine 1is designed for a full-load
operation and is coupled or can be coupled to the drive shaft
on the drive side, wherein an additional drive comprising at
least one second electric machine is designed for a part-load
operation for stealth operation and/or submerged operation of
the submarine and is or can likewise be coupled to the drive
shaft on the drive side. Accordingly, the submarine drive
system comprises at least two electric machines. The or each
first electric machine is designed for the full-load operation
and is employed during full-load operation and below. The or
each second electric machine is designed for the part-load
operation and is employed during the part-load operation. By
way of this, efficiency disadvantages during the part-load
operation can be avoided through the or each second electric
machine that is specifically adapted to the part-load

operation.

Advantageously, the or each first electric machine designed
for the full-lcad operation is or can be indirectly or
directly coupled via a first transmission to the drive shaft
on the drive side, wherein the or each second electric machine
designed for the part-load operaticn 1is or can be coupled
indirectly to the drive shaft on the drive side via a first
transmission, wherein the or each second electric machine

designed for the part-load operation is coupled or can be

CA 3024563 2020-03-30
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coupled directly or via the first transmission
indirectly or via a second transmission indirectly to
the drive shaft on the drive side. Because of this it
ig possible to embody in particular the first electric
machine designed for the full-load operation smaller,

lighter and more cost-effectively.

According to a first version of the invention, the or
each second electric machine is mounted or supported on
the first transmission and together with the or each
first electric machine and the first transmission
jointly supported on a foundation of the submarine.
With the first version an elastic compensation coupling
is preferentially connected between an output of the
first transmission and a thrust bearing of the drive
shaft. This first version is particularly suited for

submarine drive systems.

According to a second version of the invention, the or
each second electric machine 1is supported on a
foundation of the submarine directly or via the second
transmission indirectly in each case dependent on the
or each first electric machine and the first
transmission. The second version of the invention is
also particularly suited for submarine drive systems,
wherein the second wversion of the invention has

advantages in terms of the required installation space.

With the second version, an elastic compensation
coupling 1s connected between the second electric
machine or an output of the second transmission and a

thrust bearing or axial bearing of the drive shaft.



4

With the second version, the elastic compensation coupling can
be smaller than with the first version. Furthermore, the
thrust bearing of the drive shaft with the second version is
preferentially integrated in the first transmission. The
integration of the thrust bearing in the first transmission
with the second version of the invention results in further

installation space advantages.
Exemplary embodiments of the invention are explained in more
detail by way of the drawing without being restricted to this.

There it shows:

Fig. 1: a block diagram of a first submarine drive system

according to the invention;

Fig. 2: a block diagram of a second submarine drive system

according to the invention;

Fig. 3: a block diagram of a third submarine drive system

according to the invention;

Fig. 4: a block diagram of a fourth submarine drive system

according to the invention;

Fig. 5: a block diagram of a further submarine drive system

according to the invention.

Fig. 1 to 5 show different exemplary embodiments of submarine

drive systems 1 according to the invention.

CA 3024563 2020-03-30
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All submarine drive systems 1 of Fig. 1 to 5 have in
common that the same comprise a drive shaft 2, a drive
propeller 3 coupled to the drive shaft 2 and multiple
electric machines 4, 5. At least one first electric
machine 4 of a main drive for driving the drive shaft 2
and thus the drive propeller 3 is designed for a full-
load operation of the submarine drive system and is
coupled or can be coupled to the drive shaft 2 on the
drive side. At least one second electric machine 5 of
an additional drive 1is designed for a part-load
operation of the submarine drive system 1 and is or can
likewise be coupled to the drive shaft 2 on the drive
side, wherein during the part-load operation of the
submarine drive system 1 the submarine is typically

operated in stealth mode and/or submerged mode.

It is thus an idea of the submarine drive system 1
according to the invention, tc provide multiple
electric machines 4, 5 for driving the drive shaft 2,
namely a first electric machine 4 designed for the
full-locad operation and a second electric machine 5
designed for the part-load operation for a stealth
operation and/or submerged cperation, which are
operated dependent on the operating state, i.e.
dependent on whether a full-load operation or part-load
operation is required, and for this purpose are coupled
to the drive shaft 2 or decoupled from the same. During
the full-load operation the first electric machine 4 is
typically coupled to the drive shaft 2 and the second
electric machine 5 decoupled from the same. During the

part-load operation, the second electric machine 5 is
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typically coupled to the drive shaft 2 and the second

electric machine 4 decoupled from the same.

According to an advantageous further development of the
invention it is provided that the first electric
machine 4 of the submarine drive system 1 designed for
the full-load ocperation is indirectly coupled via a
first transmigssion 6 to the drive shaft 2 on the drive
side. Here, the first transmission 6 comprises
gearwheel planes 7, 8 of intermeshing gearwheels, which

provide at least one transmission stage.

Accordingly, the first transmission 6 1is a step-up
transmission, the step-up stages are designed so that
the first electric machine 4 can be operated with
gsignificantly higher rotational speed than is required
for driving the drive propeller 3 and thus the drive
shaft 2. Because of this, smaller, lighter and more
cost-effective electric machines can be employed for
the full-load operation than is possible with submarine

drive systems known from practice.

Furthermore, the first transmission 6 comprises a
cluteh 11, which is preferentially embodied as

synchronised clutch.

The second electric machine 5 designed for the part-
load operation is mounted or supported on the first
transmission 6 in the exemplary embodiment of Fig. 1
and directly coupled, i.e. without further transmission

stage, to the drive ghaft 2 on the drive side.
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Compared with this, Fig. 2 shows an exemplary
embodiment in which the second electric machine &
designed for the full-load operation is mounted or
supported on the first transmission 6 but indirectly
coupled via the first transmission 6 to the drive shaft
2 on the drive side, namely in Fig. 2 wvia a separate
transmission stage of the first transmission 6 formed

by further gearwheel planes 9, 10.

In the exemplary embodiment of Fig. 3, the second
electric machine 5 designed for the part-load operation
is mounted on the first transmission 6 in conformity
with the exemplary embodiments of Fig. 1 and 2 and in
the exemplary embodiment of Fig. 3, again in conformity
with the exemplary embodiment of Fig. 2, 1is again
indirectly connected via the first transmission 6 to
the drive shaft 2 on the drive side. However, in the
exemplary embodiment of Fig. 3, the second electric
machine 5 unlike in the exemplary embodiment of Fig. 2,
is not connected to the drive shaft 2 via a separate
transmission stage but rather via the transmission
stage formed by the gearwheel planes 7 and 8 of the
first electric machine 4. While the embodiment of Fig.
3 is particularly compact and simple, the exemplary

embodiment of Fig. 2 has efficiency advantages.

As already explained, all exemplary embodiments of Fig.
1 to 3 have in common that the respective submarine
drive system 1 comprises multiple electric machines,
namely the first electric machine 4 for the full-load
operation and the second electric machine 5 for the

part-load operation, wherein the second electric
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machine 5 for the part-load operation is mounted or
supported on the first transmission 6, which serves as
step-up transmission at least for the first electric
machine 4, which 1is designed for the full-load
operation. Optionally, as shown in Fig. 2 and 3, the
first transmission 6 can also serve as step-up
transmission for the second electric machine 5 designed

for the part-load operation.

In the exemplary embodiments of Fig. 1, 2 and 3, in
which the second electric machine 5 designed for the
part-load operation is mounted or supported on the
first transmission 6, the electric machine 5 together
with the first electric machine 4 and together with the
first transmission 6 is Jjointly supported on a
foundation 12 of the submarine 1, for the purpose of
which in the exemplary embodiments of Fig. 1 to 3 the
first electric machine 4 and the first transmission are
mounted on a common frame 13, so that the second
electric machine 5 1is also mounted via the first
transmission 6 on this common frame 13. By way of this
common frame 13, the two electric machines 4, 5 and the
first transmission 6 are jointly supported on the

foundation 12 of the submarine.

Between the common frame 13 and the foundation 12,
elastic sound-damping elements 14 are connected. These
are significant in particular when during the part-lcad
operation of the submarine drive system 1, the
submarine is operated in stealth operation or submerged

operatiocn.
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Furthermore, the submarine drive systems 1 of Fig. 1, 2
and 3 comprise an axial bearing or thrust bearing 15
assigned to the drive shaft 2, an elastic compensation
coupling 16 assigned to the drive shaft 2 and a clutch
17 likewise assigned to the drive shaft. The axial
bearing or thrust bearing 15 serves for absorbed axial
forces acting on the drive shaft 2. Shearing forces are
directed from the axial bearing or thrust bearing 15
into the hull or into the foundation of the submarine.
Moments are transmitted to the drive propeller 3 via
the elastic compensation coupling 16. By way of the
clutch 17, the drive propeller 3 can be decoupled from

the drive shaft 2.

Submarine drive systems 1 according to a second version
of the invention are shown by Fig. 4 and 5, wherein the
exemplary embodiments of Fig. 4 and 5 differ from the
exemplary embodiments of Fig. 1 to 3 primarily in that
in the exemplary embodiments of Fig. 4 and 5 the second
electric machine 5 designed for the part-load operation
does not act on or 1is supported by the hull or
foundation 12 of the submarine together with the first
electric machine 4 and the first transmission 6
designed for the full-load operation, but is rather
supported on the foundation 12 of the submarine
independently of the first electric machine 4 and the

first transmigsion 6.

Here, Fig. 4 shows an embodiment, in which the second
electric machine 5 is directly coupled, i.e. without
further step-up stage, toc the drive shaft 2 on the

drive side and as such is supported via elastic sound-



10

15

20

25

30

CA 03024563 2018-11-15

10

damping elements 14 on the foundation 12 of the

submarine.

In the embodiment of Fig. 5, by contrast, the second
electric machine 5 designed for the part-load operation
is not directly but indirectly coupled via a separate,
second step-up transmission 19 to the drive shaft 2 and
supported via this second transmission 19 and elastic
vibration dampers 14 arranged between the second

transmission 19 and the foundation 12 of the submarine.

From Fig. 4 and 5 it is evident that in these exemplary
embodiments the first electric machine 4 designed for
the full-load operation and the first transmission 6
serving as step-up transmission for the first electric
machine 4 are individually supported on the foundation
12, however without the necessity of elastic vibration
dampers 14, since during the full-load operation when
using the first electric machine 4, a low-noise
operation of the submarine, such as is desirable during
the part-load operation in particular during stealth

operation is desirable, is of subordinate importance.

A further distinction of the exemplary embodiments of
Fig. 4 and 5 from the exemplary embodiments of Fig. 1
to 3 consists in that in the exemplary embodiment of
Fig. 4 and 5 the elastic compensation coupling 16,
unlike in the exemplary embodiment of Fig. 1 and 3, is
not connected between the output of the first
transmission 6 and the axial bearing or thrust bearing
15, but rather between the axial bearing or thrust

bearing 15 of the drive shaft 2 and the second electric
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machine 5 or the second transmission 19 designed for

the part-load operation.

As already explained above, a low-noise operation of
the submarine drive system 1 is only important during
the part-locad operation, in particular during stealth-
operation, so that in the exemplary embodiments of Fig.
4 and 5 the elastic compensation coupling 16 is then
exclusively important for the second electric machine 5
that is supported on the foundation 12 of the submarine
independently of the first electric machine 4 and the

first transmission 6.

In the exemplary embodiment of Fig. 5, a sound-
insulation c¢overing 18 is additionally arranged about
the unit of second electric machine 5 and second
transmission 19, in order to ensure an even dJuieter

operation of the submarine drive system.

In the exemplary embodiments of Fig. 4 and 5, the axial
bearing or thrust bearing 15 is integrated in the first
transmission, which serves as step-up transmission for
the first electric machine 4 designed for the full-load
operation. By way of this, further installation space

advantages can then be realised.

During the full-load operation, the required drive
power is provided by the first electric machine 4. For
saving size, weight and costs, the rotational speed of
the first electric machine 4 1is higher than the
required propeller rotational speed, which is why the

first transmission 6 is employed with one or more step-
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up stages. The first electric machine 4 can be switched
on and off wvia the optional c¢lutch or synchronous
clutch 11. Torque is directed to the drive propeller 3
in particular via the elastic compensation coupling 16,
a shearing force acting on the drive shaft during the
operation is transmitted to the hull or the foundation

12 via the axial bearing 15.

During the part-load operation, the required drive
power is provided by the second electric machine 5.
During stealth and submerged operation, submarines

generally require only a minor part of the power.

The second electric machine 5 that is specifically
designed for the part-load operation is typically fed
from batteries. With regard toc the range, the
efficiency is of particular importance for the part-
load operation. During the part-load operation during
stealth and submerged operation, the smaller electric
machine 5 is within the range of its rated power and
thus has an optimised efficiency, which brings about a

greater range.

In the exemplary embodiment of Fig. 1, 2 and 3, the
second electric machine 5 is advantageously attached to
the first transmission 6 and in Fig. 1 directly
connected to the drive shaft 2. The drive is optionally
effected by the first electric machine 4 or the second
electric machine 5, depending on power reguirement.
During the operation with the second electric machine

5, the first electric machine 4 can be decoupled via
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the clutch 11, which is particularly advantageous with

regard to the efficiency.

Fig. 4 and 5 show exemplary embodiments in which the
second electric machine 5 1s supported on the
foundation 12 independently of the first electric
machine 4. Since the first electric machine 4 is only
employed in less noise-sensitive operating states, the
elastic mounting on the first electric machine 4 can
then be dispensed with. In order to be particularly low
in noise during slow and submerged operation, the
second electric machine 5 is advantageously elastically
supported on the foundation 12. The elastic coupling 16
is only necessary between second electric machine 5 and
the ©propeller shaft 2, the same can thus Dbe
advantageously designed significantly smaller.
Preferentially, the axial bearing or thrust bearing 16
is integrated in the housing of the first

transmission 6.

The first transmission 6 can advantageously be a tunnel

transmission.

In the exemplary embodiment of Fig. 5, a fast-rotating
embodiment is used for the second electric machine 5,
in order to be able to save weight, installation space
and costs also in the region of the second electric
machine 5. For adjusting the rotational speed of the
second electric machine 5 to the desired rotational
speed of the drive shaft 2, the second transmigsion 19
is utilised in Fig. 5. In order to minimise noises, the

use of an ocil pump can be advantageously omitted in the
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case of the second transmission 19 and an immersion
lubrication without pump realised. The second electric
machine 5 and the second transmission 12 are
advantageously rigidly aligned relative to one another

and jointly mounted elastically on the foundation 12.

Each of the shown exemplary embodiments is
advantageously provided with a control, by way of which
the automated establishment of the respective desired
operating configuration and the monitoring of
operation-relevant parameters are made possible.
Accordingly, the control can automatically activate
clutches and electric machines in order to
automatically utilise the first electric machine 4
during the full-load operation and automatically
utilise the second electric machine 5 as drive source
during the part-load operation. By way of the control,
operating parameters can also be monitored in order to
automatically establish the desired operating
configuration independently from this and provide the
drive power either during the full-load operation via
the first electric machine 4 of the main drive or
during the part-load operation for a stealth operation
and/or submerged operation via the second electric

machine 5 of the additional drive.
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List of reference numbers

Submarine drive system
Drive shaft

Drive propeller
Electric machine
Electric machine
Transmission

Gearwheel stage
Gearwheel stage
Gearwheel stage
Gearwheel stage

Clutch

Foundation

Frame

Sound-damping element
Axial bearing
Compensation coupling
Clutch
Sound-insulation covering

Transmission
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Claims

A submarine drive system, comprising:

a main drive having at least one first electric
machine designed for a full-load operation and coupleable
to a drive shaft on a drive side; and

an additional drive comprising at least one second
electric machine designed for a part-load operation for
at least one of stealth operation and submerged operation
of the submarine and coupleable to the drive shaft on the
drive side;

wherein the at least one first electrical machine is
éoupled to the drive shaft in full load operation while
the at least one second electrical machine is decoupled
from the drive shaft, and wherein the at least one second
electrical machine 1is coupled to the drive shaft in
paftial load operation while the at least one first

electrical machine is uncoupled from the driveshaft.

The submarine drive system according to Claim 1, wherein
the at least one first electric machine designed for the
full-load operation is indirectly coupleable to the drive

shaft on the drive side via a first transmission.

The submarine drive system according to Claim 2, wherein
the at least one second electric machine designed for the
part-load operation is coupleable directly to the drive

shaft.

The submarine drive system according to Claim 2, wherein
the at least one second electric machine designed for the

part-load operation is coupleable indirectly, wvia the

CA 3024563 2020-03-30
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first transmission or via a second transmission, to the

drive shaft on the drive side.

The submarine drive system according to any one of Claims
2 to 4, wherein the at least one second electric machine
is supported on the first transmission and jointly
supported on a foundation of the submarine together with
the at least one first electric machine and the first

transmission.

The submarine drive system according to Claim 5, wherein
the at least one first electric machine and the first
transmission are mounted on a common frame and Jjointly
supported on the foundation of the submarine via the

frame.

The submarine drive system according to Claim 6, wherein
the common frame is connected to the foundation of the

submarine via sound-damping elements.

The submarine drive system according to any one of Claims
5 to 7, wherein the at least one second electric machine
supported on the first transmission 1is coupleable to the

drive shaft directly.

The submarine drive system according to any one of Claims
5 to 7, wherein the at least one second electric machine
supported on the first transmission is coupleable to the
drive shaft on the drive side via a step-up stage of the

first transmission.

The submarine drive system according to any one of Claims

5 to 9, wherein a compensation coupling 1is connected

CA 3024563 2020-03-30
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between an output of the first transmission and a thrust

bearing of the drive shaft.

The submarine drive system according to Claim 2, wherein
the at least one second electric machine is supported on
a foundation of the submarine directly independently of
the at least one first electric machine and independently

of the first transmission.

The submarine drive system according to Claim 11, wherein
the at least one second electric machine 1is connected to
the foundation of the submarine via sound-damping

elements.

The submarine drive system according to Claim 11 or 12,
wherein a compensation coupling is connected between the
second electric machine and a thrust bearing of the drive

shaft.

The submarine drive system according to Claim 4, wherein
the at least one second electric machine is supported on
a foundation of the submarine indirectly via the second
transmission independently of the at least one first
electric machine and independently of the first

transmission.

The submarine drive system according to Claim 14, wherein
the second transmission is connected to the foundation of

the submarine via sound-damping elements.

The submarine drive system according to Claim 14 or 15,

wherein a compensation coupling is connected between an

CA 3024563 2020-03-30
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17.

18.

19.

19

output of the second transmission and a thrust bearing of

the drive shaft.

The submarine drive system according to any one of Claims
10 to 16, wherein the thrust bearing of the drive shaft

is integrated in the first transmission.

The submarine drive system according to any one of Claims
14 to 16, wherein the second transmission comprises an

immersion lubrication.

The submarine drive system according to any one of Claims
1 to 18, wherein a control activates clutches and the at
least one first and second electric machines in an
automated manner in order to automatically utilise as
drive source during the full-load operation the at least
one first electric machine and during the part-load

operation the at least one second electric machine.

CA 3024563 2020-03-30
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