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SHIP DRIVE SYSTEM HAVING A PLURALITY OF ELECTRIC DRIVE SHAFTS 

 

DESCRIPTION 

 

The invention relates to a ship drive system having a 

plurality of electric drive shafts as claimed in claim 1, as 

well as to an advantageous application of such a ship drive 

system as claimed in claim 16.  

 

Electric drive systems on ships (e.g. on all-electric ships) 

typically comprise one or more electric drive motors, each of 

which is provided for driving one propulsion unit (e.g. a 

propeller), which are fed in each case by way of a converter 

from an electrical power network of the ship (often also 

referred to as a “propulsion network”). The electrical power 

network is in turn fed by one or more diesel generators. In 

this case the electrical power network has a voltage of 

predetermined fixed amplitude and frequency, e.g. a medium 

voltage having a rated voltage of 6.6 kV at a rated frequency 

of 60 Hz. A transformer may also be connected into the circuit 

between the converter and the electrical power network. The 

converters convert the (where necessary down-transformed) 

supply voltage into a voltage required for operation of the 

drive motors and having a different amplitude and frequency 

from the supply voltage.  

 

Low-voltage power-consuming loads on board a ship (e.g. 

navigation and control equipment, public address system, 

lighting) are supplied by means of a separate electrical 

onboard power network that typically has a rated voltage of 

400 V at a rated frequency of 50 Hz or 440V at 60 Hz. The 

electrical onboard power network can be fed with electrical 

energy by dedicated electrical onboard power network 

1 SHIP DRIVE SYSTEM HAVING A PLURALITY OF ELECTRIC DRIVE SHAFTS DESCRIPTION The
invention relates to a ship drive system having a plurality of electric drive shafts as claimed in claim 1,
as well as to an advantageous application of such a ship drive system as claimed in claim 16. Electric
drive systems on ships (e.g. on all-electric ships) typically comprise one or more electric drive motors,
each of winch is provided for driving one propulsion unit (e.g. a propeller), winch are fed in each case
by way of a converter from an electrical power network of the ship (often also referred to as a
"propulsion network"). The electrical power network is in turn fed by one or more diesel generators. In
this case the electrical power network has a voltage of predetermined fixed amplitude and frequency,
e.g. a medium voltage having a rated voltage of 6.6 kV at a rated frequency of 60 Hz. A transformer
may also be connected Into the =cult between the converter and the electrical power network. The
converters convert the (where necessary down-transformed) supply voltage Into a voltage required for
operation of the drive motors and having a different amplitude and frequency from the supply voltage.
Low-voltage power-consuming loads on board a ship (e.g. navigation and control equipment, public
address system, lighting) are supplied by means of a separate electrical onboard power network that
typically has a rated voltage of 400 V at a rated frequency of 50 Hz or 440V at 60 Hz. The electrical
onboard power network can be fed with electrical energy by dedicated electrical onboard power
network 2 
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generators independently of the propulsion network. 

Alternatively the electrical onboard power network can be 

supplied from the propulsion network by way of an electrical 

onboard power network converter and where necessary a 

transformer. The electrical onboard power network converter, 

in combination with the transformer where necessary, converts 

the voltage of the propulsion network into a voltage having 

the amplitude and frequency of the electrical onboard power 

network. 

 

A great advantage of this solution is that backlash effects on 

the propulsion network due to sudden load shocks (e.g. when a 

propeller lifts out of the water and is reimmersed in heavy 

seas) can be avoided by means of the converter if the latter 

is dimensioned with a commensurately large capacity. Apart 

from many other advantages, however, these drive concepts have 

the disadvantage that they require a comparatively large 

number of converters for converting the voltage in the 

propulsion network, with corresponding space requirements and 

costs.  

 

A further known electric drive solution which manages without 

converters of said type consists in coupling the generators 

and the drive motors to each other without intermediately 

connected converters. In a drive solution of said type, one or 

more speed-variable drive motors without intermediately 

connected converters are operated directly with the voltage of 

variable amplitude and variable frequency that is generated by 

one or more speed-variable generators.  

 

The open- and/or closed-loop control of the motors and 

consequently of the propulsion units is therefore accomplished 

indirectly by means of open- and/or closed-loop control of the 

generators Independently of the propulsion network. Alternatively the electrical onboard power network
can be supplied from the propulsion network by way of an electrical onboard power network converter
and where necessary a transformer. The electrical onboard power network converter, in combination
with the transformer where necessary, converts the voltage of the propulsion network Into a voltage
having the amplitude and frequency of the electrical onboard power network. A great advantage of this
solution is that backlash effects on the propulsion network due to sudden load shocks (e.g. when a
propeller lifts out of the water and is relmmersed in heavy seas) can be avoided by means of the
converter if the latter is dimensioned with a commensurately large capacity. Apart from many other
advantages, however, these drive concepts have the disadvantage that they require a comparatively
large number of converters for converting the voltage in the propulsion network, with corresponding
space requirements and costs. A further known electric drive solution winch manages without
converters of said type consists in coupling the generators and the drive motors to each other without
intermediately connected converters. In a drive solution of said type, one or more speed-variable drive
motors without intermediately connected converters are operated directly with the voltage of variable
amplitude and variable frequency that is generated by one or more speed-variable generators. The
open- and/or closed-loop control of the motors and consequently of the propulsion units is therefore
accomplished indirectly by means of open- and/or closed-loop control of the 3 internal combustion
engines for driving the generators. In this case the drive motors are permanently electrically coupled to
the generators, i.e. a rotational movement of the generators effects a correspondingly proportional
rotational movement of the electric drive motors. The function of a mechanical shaft is therefore
replicated with the aid of electric machines. A drive solution of this type is frequently referred to as an
"electric shaft". It is also known here to couple out electrical energy from the electric shaft by way of an
electrical onboard power network converter and where necessary a transformer, i.e. an electrical
onboard power network converter, in combination with a transformer where necessary, converts the
voltage of variable amplitude and variable frequency generated by the generator(s) into a voltage
having constant amplitude and constant frequency for an electrical onboard power network. 
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internal combustion engines for driving the generators. In 

this case the drive motors are permanently electrically 

coupled to the generators, i.e. a rotational movement of the 

generators effects a correspondingly proportional rotational 

movement of the electric drive motors. The function of a 

mechanical shaft is therefore replicated with the aid of 

electric machines. A drive solution of this type is frequently 

referred to as an “electric shaft”.  

 

It is also known here to couple out electrical energy from the 

electric shaft by way of an electrical onboard power network 

converter and where necessary a transformer, i.e. an 

electrical onboard power network converter, in combination 

with a transformer where necessary, converts the voltage of 

variable amplitude and variable frequency generated by the 

generator(s) into a voltage having constant amplitude and 

constant frequency for an electrical onboard power network. 

 

Multihulled vessels such as e.g. catamarans or trimarans 

capable of speeds in excess of 40 knots are particularly 

suitable for express ferries and navy applications in which 

high speeds are important. They enjoy increasing popularity 

for that reason. For propulsion purposes these vessels have 

waterjets, for example, which are mechanically coupled 

directly to diesel engines or gas turbines and are driven by 

the latter. The mechanical direct drive does however lead to 

vessel design constraints which prevent the vessel being 

designed in an optimal manner (in respect, inter alia, of 

hydrodynamic and functionality aspects).  

 

It is therefore the object of the present invention to 

disclose a ship drive system – suitable in particular for 

high-speed multihulled vessels – which is characterized by 

Multihulled vessels such as e.g. catamarans or trimarans capable of speeds in excess of 40 knots are
particularly suitable for express ferries and navy applications in which high speeds are important. They
enjoy increasing popularity for that reason. For propulsion purposes these vessels have waterjets, for
example, which are mechanically coupled directly to diesel engines or gas turbines and are driven by
the latter. The mechanical direct drive does however lead to vessel design constraints which prevent
the vessel being designed in an optimal manner (in respect, inter alia, of hydrodynamic and
functionality aspects). It is therefore the object of the present invention to disclose a ship drive system
- suitable in particular for high-speed multihulled vessels - which is characterized by  4 high levels of
fault tolerance and energy efficiency and allows an optimal vessel design. Tins object is successfully
achieved by means of a ship drive system as claimed in claim 1. Advantageous embodiments of said
ship drive system are the subject matter of claims 2 to 15. A particularly advantageous application of
the ship drive system is the subject matter of claim 16. A ship drive system according to the invention
comprises at least a first and a second electric drive shaft, each of winch is provided for driving a
propulsion unit, in particular a waterjet, wherein each of the electric drive shafts comprises at least one
speed-variable generator driven by an Internal combustion engine for genera-L.11-1g a motor voltage
having variable amplitude and variable frequency, and at least one speed-variable drive motor
supplied with said motor voltage and coupled to a propulsion unit. In this arrangement the first and the
second drive shaft can be switched from a first opera-L.11-1g state in winch they are electrically
decoupled from each other, to a second opera-L.11-1g state in winch they are electrically coupled to
each other in such a way that a transfer of energy can take place from the at least one generator of
one drive shaft to the at least one drive motor of the other drive shaft. 
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high levels of fault tolerance and energy efficiency and 

allows an optimal vessel design.  

 

This object is successfully achieved by means of a ship drive 

system as claimed in claim 1. Advantageous embodiments of said 

ship drive system are the subject matter of claims 2 to 15. A 

particularly advantageous application of the ship drive system 

is the subject matter of claim 16. 

 

A ship drive system according to the invention comprises at 

least a first and a second electric drive shaft, each of which 

is provided for driving a propulsion unit, in particular a 

waterjet, wherein each of the electric drive shafts comprises 

at least one speed-variable generator driven by an internal 

combustion engine for generating a motor voltage having 

variable amplitude and variable frequency, and at least one 

speed-variable drive motor supplied with said motor voltage 

and coupled to a propulsion unit. In this arrangement the 

first and the second drive shaft can be switched from a first 

operating state in which they are electrically decoupled from 

each other, to a second operating state in which they are 

electrically coupled to each other in such a way that a 

transfer of energy can take place from the at least one 

generator of one drive shaft to the at least one drive motor 

of the other drive shaft.  

 

Compared to mechanical direct drives, the use of electric 

drive shafts results in much greater creative freedom in terms 

of vessel design, since the internal combustion engines can be 

arranged, not in proximity to the propulsion units, but 

separated therefrom at another location in the vessel. 

Advantages are also gained in comparison with converter-fed 

diesel-electric drives, since the omission of the converters 

Compared to mechanical direct drives, the use of electric drive shafts results in much greater creative
freedom in terms of vessel design, since the internal combustion engines can be arranged, not in
proximity to the propulsion units, but separated therefrom at another location in the vessel.
Advantages are also gained in comparison with converter-fed diesel-electric drives, since the omission
of the converters  5 results in space and weight savings, winch is Important in particular in imp-speed
multlhulled vessels such as e.g. catamarans and trimarans. The possibility of transferring electrical
energy from one drive shaft to the other in the second operating state means that in the event of an
energy generation failure in one of the drive shafts the energy can be supplied by the at least one
generator of the other drive shaft. This enables a high level of fault resilience of the vessel to be
achieved, winch is Important in particular for navy vessels. Furthermore, the overall energy
consumption of the ship drive system can be optimized, since in the low speed range, for example, in
winch the Internal combustion engines operate at relatively poor efficiency, the energy generation of
one drive shaft is intentionally switched off and the electrical energy required for operation of its drive
motors is generated and transferred by one or more generators of the other drive shaft. According to a
particularly advantageous embodiment of the invention, the ship drive system additionally comprises a
third electric drive shaft for driving a further propulsion unit, in particular a waterjet, wherein the third
drive shaft comprises at least one speed-variable generator driven by an internal combustion engine
for generating a motor voltage having variable amplitude and variable frequency, and at least one
speed-variable drive motor supplied with said motor voltage and coupled to the further propulsion unit,
and wherein the first and the third drive shaft can be switched from a first operating state in which they
are electrically decoupled from each other, to a second operating state in which they are electrically
coupled to each other in such a way that a transfer of energy can take place from the at least one
generator of one drive shaft to the at least one drive  6 
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results in space and weight savings, which is important in 

particular in high-speed multihulled vessels such as e.g. 

catamarans and trimarans. The possibility of transferring 

electrical energy from one drive shaft to the other in the 

second operating state means that in the event of an energy 

generation failure in one of the drive shafts the energy can 

be supplied by the at least one generator of the other drive 

shaft. This enables a high level of fault resilience of the 

vessel to be achieved, which is important in particular for 

navy vessels. Furthermore, the overall energy consumption of 

the ship drive system can be optimized, since in the low speed 

range, for example, in which the internal combustion engines 

operate at relatively poor efficiency, the energy generation 

of one drive shaft is intentionally switched off and the 

electrical energy required for operation of its drive motors 

is generated and transferred by one or more generators of the 

other drive shaft. 

 

According to a particularly advantageous embodiment of the 

invention, the ship drive system additionally comprises a 

third electric drive shaft for driving a further propulsion 

unit, in particular a waterjet, wherein the third drive shaft 

comprises at least one speed-variable generator driven by an 

internal combustion engine for generating a motor voltage 

having variable amplitude and variable frequency, and at least 

one speed-variable drive motor supplied with said motor 

voltage and coupled to the further propulsion unit, and 

wherein the first and the third drive shaft can be switched 

from a first operating state in which they are electrically 

decoupled from each other, to a second operating state in 

which they are electrically coupled to each other in such a 

way that a transfer of energy can take place from the at least 

one generator of one drive shaft to the at least one drive 

motor of the other drive shaft. This enables the propulsion force (and hence the maximum speed of the
vessel, for example), fault tolerance and energy efficiency to be Increased even further. The at least
one generator preferably has a superconductor winding, in particular a high-temperature
superconductor (HIS) winding. The superconductor winding can be a stator winding or a rota-L.11-1g
rotor winding of the generator. Compared to conventional machines, generators Implemented on the
basis of superconductor technology have a greater power density (1.e. power in relation to the
installation volume). Even more farreact-111-1g optimizations in vessel design are possible as a result.
Gig/en the same drive Input power, the maximum speed and/or loading capacity of the vessel can be
Increased thanks to the comparatively lower weight. Moreover, a generator having a superconductor
winding typically has a much greater magnetic air gap between rotor and stator compared to a
conventional generator without superconductor winding. This is principally because the
superconductor is cooled by means of a vacuum cryostat or a =if= cooling device whose wall structure
runs in the air gap. The effect of the relatively large magnetic air gap is that the generator has a much
lower synchronous reactance than a conventional generator. Consequently an HIS generator has a
considerably stiffer current vs. voltage characteristic curve for the same electrical power compared to a
conventional generator. As a result there is no dip in the voltage generated by the generator in the
event of abrupt changes in load or sudden load shocks. Voltage and frequency fluctuations in the
electric shaft can be reduced thereby. Accordingly, no complex and expensive closed-loop control
means is required for the electric shaft in order to stabilize the voltage of the drive  7 shaft and the
speed of the drive motors or of the propulsion unit. If the at least one drive motor also has a
superconductor winding, in particular a high-temperature superconductor (HIS) winding, it can be
embodied as an extremely high-powered and high-torque motor with a small design footprint, which is
important in particular for high-speed vessels such as e.g. catamarans and trimarans. The
superconductor winding is preferably a rotating rotor winding, since in the latter case the surface
requiring to be cooled can be kept smaller than in the case of a superconductor stator winding. 
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motor of the other drive shaft. This enables the propulsion 

force (and hence the maximum speed of the vessel, for 

example), fault tolerance and energy efficiency to be 

increased even further. 

 

The at least one generator preferably has a superconductor 

winding, in particular a high-temperature superconductor (HTS) 

winding. The superconductor winding can be a stator winding or 

a rotating rotor winding of the generator. Compared to 

conventional machines, generators implemented on the basis of 

superconductor technology have a greater power density (i.e. 

power in relation to the installation volume). Even more far-

reaching optimizations in vessel design are possible as a 

result. Given the same drive input power, the maximum speed 

and/or loading capacity of the vessel can be increased thanks 

to the comparatively lower weight. Moreover, a generator 

having a superconductor winding typically has a much greater 

magnetic air gap between rotor and stator compared to a 

conventional generator without superconductor winding. This is 

principally because the superconductor is cooled by means of a 

vacuum cryostat or a similar cooling device whose wall 

structure runs in the air gap. The effect of the relatively 

large magnetic air gap is that the generator has a much lower 

synchronous reactance than a conventional generator. 

Consequently an HTS generator has a considerably stiffer 

current vs. voltage characteristic curve for the same 

electrical power compared to a conventional generator. As a 

result there is no dip in the voltage generated by the 

generator in the event of abrupt changes in load or sudden 

load shocks. Voltage and frequency fluctuations in the 

electric shaft can be reduced thereby. Accordingly, no complex 

and expensive closed-loop control means is required for the 

electric shaft in order to stabilize the voltage of the drive 

The coupling of the drive shafts can be accomplished in a particularly low-loss manner by means of an
electric line connection which preferably includes a superconductor, in particular a high-temperature
superconductor (HTS). According to a particularly advantageous embodiment the second and the third
drive shaft serve as the main drive for a lower speed range of the vessel (e.g. from zero to 30 knots)
and the first drive shaft on its own or in combination with the second and the third drive shaft serves as
the main drive for a higher speed range up to the maximum speed of the vessel (e.g. up to 45 knots).
In this case the internal combustion engine of the first drive shaft is advantageously embodied as a
gas turbine and the internal combustion engines of the second and the third drive shaft are
advantageously embodied as diesel engines.  8 The ship drive system preferably comprises an
electrical onboard power network converter winch is supplied with the motor voltage having variable
amplitude and variable frequency of one of the drive shafts and winch converts said motor voltage into
a voltage having constant amplitude and constant frequency for an electrical onboard power network.
Particular advantages are produced here if the at least one generator of the drive shaft has a
superconductor winding and consequently the drive shaft is characterized by a particular stiffness. On
account of the avoidance of voltage and frequency fluctuations on the electric shaft owing to the
stiffness of the characteristic curve of the generator or generators It is then also possible to avoid
impermissible fluctuations in the voltage generated by the electrical onboard power network converters
and consequently safety shutdowns of the electrical onboard power network converter or an
overdlmenslonifg of the electrical onboard power network converter. In order to achieve a further
Increase in fault tolerance the ship drive system can also comprise a first electrical onboard power
network converter which is supplied with the motor voltage having variable amplitude and variable
frequency of the second drive shaft and which converts said voltage into a voltage having constant
amplitude and constant frequency for a first electrical onboard power subnetwork, and a second
electrical onboard power network converter which is supplied with the motor voltage having variable
amplitude and variable frequency of the third drive shaft and which converts said voltage into a voltage
having constant amplitude and constant frequency for a second electrical onboard power subnetwork. 
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shaft and the speed of the drive motors or of the propulsion 

unit.  

 

If the at least one drive motor also has a superconductor 

winding, in particular a high-temperature superconductor (HTS) 

winding, it can be embodied as an extremely high-powered and 

high-torque motor with a small design footprint, which is 

important in particular for high-speed vessels such as e.g. 

catamarans and trimarans.  

 

The superconductor winding is preferably a rotating rotor 

winding, since in the latter case the surface requiring to be 

cooled can be kept smaller than in the case of a 

superconductor stator winding.  

 

The coupling of the drive shafts can be accomplished in a 

particularly low-loss manner by means of an electric line 

connection which preferably includes a superconductor, in 

particular a high-temperature superconductor (HTS).  

 

According to a particularly advantageous embodiment the second 

and the third drive shaft serve as the main drive for a lower 

speed range of the vessel (e.g. from zero to 30 knots) and the 

first drive shaft on its own or in combination with the second 

and the third drive shaft serves as the main drive for a 

higher speed range up to the maximum speed of the vessel (e.g. 

up to 45 knots).  

 

In this case the internal combustion engine of the first drive 

shaft is advantageously embodied as a gas turbine and the 

internal combustion engines of the second and the third drive 

shaft are advantageously embodied as diesel engines.  

 

9 In this case the level of fault tolerance can be raised even further in that the two electrical onboard
power subnetworks can be coupled to each other. According to a further advantageous embodiment
the ship drive system comprises at least one additional electrical onboard power network generator for
supplying the electrical onboard power network or an electrical onboard power subnetwork with a
voltage having constant amplitude and constant frequency. This enables the voltage supply of the
electrical onboard power network to be ensured even when the electric drive shaft is switched off (e.g.
in port) or when all of the generator power of the drive shaft is required for driving purposes. If the at
least one generator of the drive shaft can optionally be driven either at a fixed or at a variable
frequency by the internal combustion engine driving it, further potential uses are opened up for these
components. For example, the at least one generator can be used for supplying power to other
vessels in port. According to a particularly advantageous embodiment the drive shaft can be switched
from an operating state in which the at least one generator of the drive shaft is electrically coupled to
the at least one drive motor of the drive shaft without an electrical onboard power network converter
being interposed therebetween and generates a voltage of variable amplitude and frequency, to an
operating state in which the at least one generator of the drive shaft is electrically coupled to the at
least one drive motor of the drive shaft by way of an electrical onboard power network converter, the
electrical onboard power network converter generating a voltage of variable amplitude and frequency.  
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The ship drive system preferably comprises an electrical 

onboard power network converter which is supplied with the 

motor voltage having variable amplitude and variable frequency 

of one of the drive shafts and which converts said motor 

voltage into a voltage having constant amplitude and constant 

frequency for an electrical onboard power network. Particular 

advantages are produced here if the at least one generator of 

the drive shaft has a superconductor winding and consequently 

the drive shaft is characterized by a particular stiffness. On 

account of the avoidance of voltage and frequency fluctuations 

on the electric shaft owing to the stiffness of the 

characteristic curve of the generator or generators it is then 

also possible to avoid impermissible fluctuations in the 

voltage generated by the electrical onboard power network 

converters and consequently safety shutdowns of the electrical 

onboard power network converter or an overdimensioning of the 

electrical onboard power network converter. 

 

In order to achieve a further increase in fault tolerance the 

ship drive system can also comprise a first electrical onboard 

power network converter which is supplied with the motor 

voltage having variable amplitude and variable frequency of 

the second drive shaft and which converts said voltage into a 

voltage having constant amplitude and constant frequency for a 

first electrical onboard power subnetwork, and a second 

electrical onboard power network converter which is supplied 

with the motor voltage having variable amplitude and variable 

frequency of the third drive shaft and which converts said 

voltage into a voltage having constant amplitude and constant 

frequency for a second electrical onboard power subnetwork.  

 

10 It is then possible to switch from the first operating state that is present in a normal mode of
operation for small speed requirements placed on the Internal combustion engine for driving the
generator, in particular for speed requirements that lie below a minimum speed requirement of the
Internal combustion engine, to the second operating state in which the electrical onboard power
network converter is connected to the electric drive shaft, lie. is Inserted Into the electrical connection
between the at least one generator and the at least one drive motor of the drive shaft. By means of the
electrical onboard power network converter and where necessary one or more transformers the drive
motor can then be fed with a voltage which has a lower frequency than the voltage generated by the
generator. The drive motor can then drive the propulsion unit at a relatively high torque even at low
speeds. This means that no variable-pitch propeller is necessary for low speeds, but Instead a
fixed-pitch propeller can be used. Alternatively and/or in addition, the drive shaft can be sw1tchable
from an operating state in which the at least one generator of the drive shaft is electrically coupled to
the at least one drive motor of the drive shaft without the electrical onboard power network converter
being Interposed therebetween and generates a voltage of variable amplitude and frequency, to an
operating state in which the electrical onboard power network or electrical onboard power subnetwork
is electrically coupled to the at least one drive motor of the drive shaft by way of the electrical onboard
power network converter, the electrical onboard power network converter generating a voltage of
variable amplitude and frequency. As a result the drive motor can likewise drive the propulsion unit  11
with a relatively high torque at low speeds. In the event of a failure of the generators of the electric
shaft the drive motor can furthermore be supplied from the electrical onboard power network. By virtue
of the aforementioned advantages the invention is suitable in particular for use in a multihulled vessel,
in particular in a catamaran or a trimaran. 
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In this case the level of fault tolerance can be raised even 

further in that the two electrical onboard power subnetworks 

can be coupled to each other.  

 

According to a further advantageous embodiment the ship drive 

system comprises at least one additional electrical onboard 

power network generator for supplying the electrical onboard 

power network or an electrical onboard power subnetwork with a 

voltage having constant amplitude and constant frequency. This 

enables the voltage supply of the electrical onboard power 

network to be ensured even when the electric drive shaft is 

switched off (e.g. in port) or when all of the generator power 

of the drive shaft is required for driving purposes. 

 

If the at least one generator of the drive shaft can 

optionally be driven either at a fixed or at a variable 

frequency by the internal combustion engine driving it, 

further potential uses are opened up for these components. For 

example, the at least one generator can be used for supplying 

power to other vessels in port. 

 

According to a particularly advantageous embodiment the drive 

shaft can be switched from an operating state in which the at 

least one generator of the drive shaft is electrically coupled 

to the at least one drive motor of the drive shaft without an 

electrical onboard power network converter being interposed 

therebetween and generates a voltage of variable amplitude and 

frequency, to an operating state in which the at least one 

generator of the drive shaft is electrically coupled to the at 

least one drive motor of the drive shaft by way of an 

electrical onboard power network converter, the electrical 

onboard power network converter generating a voltage of 

variable amplitude and frequency.  

The invention and further advantageous embodiments of the invention in accordance with features of
the dependent claims are explained in more detail below with reference to exemplary embodiments
illustrated in the figures, in winch: FIG 1shows a first exemplary embodiment of a ship drive system
according to the invention, FIG 2shows a current vs. voltage characteristic curve of an HIS generator
upon application of a load, FIG 3shows a second exemplary embodiment of a ship drive system
according to the invention in a first opera-L.11-1g state, 
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It is then possible to switch from the first operating state 

that is present in a normal mode of operation for small speed 

requirements placed on the internal combustion engine for 

driving the generator, in particular for speed requirements 

that lie below a minimum speed requirement of the internal 

combustion engine, to the second operating state in which the 

electrical onboard power network converter is connected to the 

electric drive shaft, i.e. is inserted into the electrical 

connection between the at least one generator and the at least 

one drive motor of the drive shaft. By means of the electrical 

onboard power network converter and where necessary one or 

more transformers the drive motor can then be fed with a 

voltage which has a lower frequency than the voltage generated 

by the generator. The drive motor can then drive the 

propulsion unit at a relatively high torque even at low 

speeds. This means that no variable-pitch propeller is 

necessary for low speeds, but instead a fixed-pitch propeller 

can be used. 

 

Alternatively and/or in addition, the drive shaft can be 

switchable from an operating state in which the at least one 

generator of the drive shaft is electrically coupled to the at 

least one drive motor of the drive shaft without the 

electrical onboard power network converter being interposed 

therebetween and generates a voltage of variable amplitude and 

frequency, to an operating state in which the electrical 

onboard power network or electrical onboard power subnetwork 

is electrically coupled to the at least one drive motor of the 

drive shaft by way of the electrical onboard power network 

converter, the electrical onboard power network converter 

generating a voltage of variable amplitude and frequency. As a 

result the drive motor can likewise drive the propulsion unit 

FIG 4shows the exemplary embodiment from FIG 3 in a first special opera-L.11-1g state, and FIG
5shows the exemplary embodiment from FIG 3 in a second special opera-L.11-1g state. A ship drive
system 1 according to the invention as shown in FIG 1 comprises three electric drive shafts 11, 12, 13,
each of which is provided for driving a propulsion unit in the form of a waterjet (waterjet drive) 2. The
first drive shaft 11 comprises a speed-variable generator 4 driven by a gas turbine 3 for generating a
motor voltage of 
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with a relatively high torque at low speeds. In the event of a 

failure of the generators of the electric shaft the drive 

motor can furthermore be supplied from the electrical onboard 

power network.  

 

By virtue of the aforementioned advantages the invention is 

suitable in particular for use in a multihulled vessel, in 

particular in a catamaran or a trimaran.  

 

The invention and further advantageous embodiments of the 

invention in accordance with features of the dependent claims 

are explained in more detail below with reference to exemplary 

embodiments illustrated in the figures, in which:  

 

FIG 1 shows a first exemplary embodiment of a ship drive 

system according to the invention,  

FIG 2 shows a current vs. voltage characteristic curve of an 

HTS generator upon application of a load, 

FIG 3 shows a second exemplary embodiment of a ship drive 

system according to the invention in a first operating 

state, 

FIG 4 shows the exemplary embodiment from FIG 3 in a first 

special operating state, and  

FIG 5 shows the exemplary embodiment from FIG 3 in a second 

special operating state. 

 

A ship drive system 1 according to the invention as shown in 

FIG 1 comprises three electric drive shafts 11, 12, 13, each 

of which is provided for driving a propulsion unit in the form 

of a waterjet (waterjet drive) 2.  

 

The first drive shaft 11 comprises a speed-variable generator 

4 driven by a gas turbine 3 for generating a motor voltage of 

12 variable amplitude and variable frequency, and a speed-variable drive motor 5 supplied with said
motor voltage and coupled to a waterjet 2. The second and the third drive shaft 12, 13 each comprise
a speed-variable generator 4 driven by a diesel engine 6 for generating a motor voltage having
variable amplitude and variable frequency, and a speed-variable drive motor 5 supplied with said
motor voltage and coupled to a waterjet 2. In the case of the drive shafts 11, 12, 13, a generator 4 and
a drive motor 5 are in each case electrically connected to one another by way of a busbar 7. The
connection of the generators 4 and the drive motors 5 to the busbar 7 is effected here by way of a
switch 9 in each case. The busbar 7 and the switches 9 are part of a sw1tchgear 8. The busbar 7 of
the first drive shaft 11 can in this case be connected by way of a line connection 14 to the busbar 7 of
the second drive shaft 12 and by way of a line connection 15 to the busbar 7 of the third drive shaft 13.
The line connections 14, 15 are connected to the busbar 7 here by way of a switch 16 in each case.
The first drive shaft 11 can optionally be coupled to the second and/or the third drive shaft 12, 13 by
way of the line connections 14, 15 and the switches 16. A mechanical transmission can also be
connected in addition between a generator 4 and the gas turbine 3 or diesel engine 6 driving it, as well
as between the waterjet 2 and the drive motor 5 driving lt. Furthermore, the drive shafts 11, 12, 13 can
also comprise a plurality of generators and/or drive motors Instead of just a single generator 4 and
drive motor 5 in each case. 
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variable amplitude and variable frequency, and a speed-

variable drive motor 5 supplied with said motor voltage and 

coupled to a waterjet 2.  

 

The second and the third drive shaft 12, 13 each comprise a 

speed-variable generator 4 driven by a diesel engine 6 for 

generating a motor voltage having variable amplitude and 

variable frequency, and a speed-variable drive motor 5 

supplied with said motor voltage and coupled to a waterjet 2. 

 

In the case of the drive shafts 11, 12, 13, a generator 4 and 

a drive motor 5 are in each case electrically connected to one 

another by way of a busbar 7. The connection of the generators 

4 and the drive motors 5 to the busbar 7 is effected here by 

way of a switch 9 in each case. The busbar 7 and the switches 

9 are part of a switchgear 8. The busbar 7 of the first drive 

shaft 11 can in this case be connected by way of a line 

connection 14 to the busbar 7 of the second drive shaft 12 and 

by way of a line connection 15 to the busbar 7 of the third 

drive shaft 13. The line connections 14, 15 are connected to 

the busbar 7 here by way of a switch 16 in each case.  

 

The first drive shaft 11 can optionally be coupled to the 

second and/or the third drive shaft 12, 13 by way of the line 

connections 14, 15 and the switches 16. 

A mechanical transmission can also be connected in addition 

between a generator 4 and the gas turbine 3 or diesel engine 6 

driving it, as well as between the waterjet 2 and the drive 

motor 5 driving it. Furthermore, the drive shafts 11, 12, 13 

can also comprise a plurality of generators and/or drive 

motors instead of just a single generator 4 and drive motor 5 

in each case. 

 

13 The voltage of variable amplitude and variable frequency generated by the generators 4 of the
electric drive shafts 12, 13 is additionally used by way of a transformer 21 in each case to operate an
electrical onboard power network converter 22 which converts said variable voltage Into a voltage
having constant amplitude and constant frequency for an electrical onboard power subnetwork 20 in
each case. Low-voltage powerconsul-ling loads of the vessel (e.g. navigation and control equipment,
public address system, lighting; not shown in further detail) are supplied from the electrical onboard
power subnetwork 20. The electrical onboard power subnetwork 20 typically has a rated voltage of
400V at a rated frequency of 50 Hz or 440V at 60 Hz. The two electrical onboard power subnetworks
20 can be coupled to each other by way of switches 23, with the result that it is possible to supply both
electrical onboard power subnetworks 20 even in the event of failure or shutdown of one of the two
drive shafts 12, 13. An additional port generator 25 driven by an Internal combustion engine 24 in each
case is used, preferably by way of a downstream-connected converter (not shown in further detail), to
supply an electrical onboard power subnetwork 20 in each case or the electrical onboard power
subnetworks 20 coupled to one another with a voltage having constant amplitude and constant
frequency when electric shafts 12, 13 are switched off, for example when the vessel is in port and no
driving power is required or when all of the output capacity of the generators 4 is required for the
driving function. In addition and/or alternatively, the electrical onboard power subnetworks 20 can also
be fed by means of a battery or by means of fuel cells Instead of by the port generator 25.  14 In the
normal mode of operation the ship drive system 1 is in a first operating state in which the switches 9
are closed and the switches 16 are open. 
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The voltage of variable amplitude and variable frequency 

generated by the generators 4 of the electric drive shafts 12, 

13 is additionally used by way of a transformer 21 in each 

case to operate an electrical onboard power network converter 

22 which converts said variable voltage into a voltage having 

constant amplitude and constant frequency for an electrical 

onboard power subnetwork 20 in each case. Low-voltage power-

consuming loads of the vessel (e.g. navigation and control 

equipment, public address system, lighting; not shown in 

further detail) are supplied from the electrical onboard power 

subnetwork 20. The electrical onboard power subnetwork 20 

typically has a rated voltage of 400V at a rated frequency of 

50 Hz or 440V at 60 Hz. The two electrical onboard power 

subnetworks 20 can be coupled to each other by way of switches 

23, with the result that it is possible to supply both 

electrical onboard power subnetworks 20 even in the event of 

failure or shutdown of one of the two drive shafts 12, 13.  

 

An additional port generator 25 driven by an internal 

combustion engine 24 in each case is used, preferably by way 

of a downstream-connected converter (not shown in further 

detail), to supply an electrical onboard power subnetwork 20 

in each case or the electrical onboard power subnetworks 20 

coupled to one another with a voltage having constant 

amplitude and constant frequency when electric shafts 12, 13 

are switched off, for example when the vessel is in port and 

no driving power is required or when all of the output 

capacity of the generators 4 is required for the driving 

function. In addition and/or alternatively, the electrical 

onboard power subnetworks 20 can also be fed by means of a 

battery or by means of fuel cells instead of by the port 

generator 25. 

 

The drive motors 5 are operated by means of the voltage having variable amplitude and variable
frequency generated by the respective generator 4, without an intermediately connected converter.
The open- and/or closed-loop control of the rotational speed of the drive motors 5, and hence of the
waterjets 2, is therefore accomplished indirectly by means of the open- and/or closed-loop control of
the gas turbine 3 or of the diesel engines 6 for driving the generators 4. A rotational movement of the
gas turbine 3 or of the diesel engines 6, and consequently of the generators 4, accordingly effects a
correspondingly proportional rotational movement of the motors 5. The function of a mechanical shaft
is therefore replicated with the an' of electric machines. The second and the third drive shaft 12, 13
serve in this case as the main drive for a lower speed range of the vessel (e.g. up to 30 knots) and the
first drive shaft 11 on its own or in combination with the second and the third drive shaft serves as the
main drive for a higher speed range up to the maximum speed of the vessel (e.g. 45 knots). The
output capacity of the diesel engines ranges for example from 1 MW to 20 MW, in particular is equal to
10 MW, and that of the gas turbine ranges from 5 MW to 30 MW, in particular is equal to 20 MW. The
generators 4 are embodied here as synchronous machines having a rotating HIS field winding (1.e. an
HIS winding in the rotor). Machines of said type have a low synchronous reactance and therefore great
stiffness in then- current vs. voltage characteristic curve. By way of example, FIG 2 shows  15 in this
regard the characteristic curve of a synchronous generator having a rotating HIS field winding and an
output capacity of 400kW for the case of the application of a full load from zero to 380kW. A machine
of said type has for example a synchronous longitudinal reactance xd = 0.15. As can be seen from the
shape of the current curve I and the voltage curve U, no dips in the voltage U occur when the load is
connected Into the =curt at time tz. Mrs demonstrates the extremely stable operating response of such
a machine even under extreme fluctuations in load. As a result there are no noticeable backlash
effects on the Input voltage of the electrical onboard power network converters 22 in the event of
abrupt load shocks on the part of the waterjets (as may be caused e.g. in heavy seas). The electrical
onboard power network converters 22 can therefore be equipped with much lower dynamic reserves
than when conventional synchronous machines without HIS winding are used as generators in the
drive shafts 11, 12, 13. Furthermore, a complex and expensive closed-loop control system for
stabilizing the speed (or voltage and frequency) of the respective drive motor 5 or waterjet 3 can be
dispensed with in the drive shafts 11, 12, 13. 
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In the normal mode of operation the ship drive system 1 is in 

a first operating state in which the switches 9 are closed and 

the switches 16 are open. 

 

The drive motors 5 are operated by means of the voltage having 

variable amplitude and variable frequency generated by the 

respective generator 4, without an intermediately connected 

converter. The open- and/or closed-loop control of the 

rotational speed of the drive motors 5, and hence of the 

waterjets 2, is therefore accomplished indirectly by means of 

the open- and/or closed-loop control of the gas turbine 3 or 

of the diesel engines 6 for driving the generators 4. A 

rotational movement of the gas turbine 3 or of the diesel 

engines 6, and consequently of the generators 4, accordingly 

effects a correspondingly proportional rotational movement of 

the motors 5. The function of a mechanical shaft is therefore 

replicated with the aid of electric machines.  

 

The second and the third drive shaft 12, 13 serve in this case 

as the main drive for a lower speed range of the vessel (e.g. 

up to 30 knots) and the first drive shaft 11 on its own or in 

combination with the second and the third drive shaft serves 

as the main drive for a higher speed range up to the maximum 

speed of the vessel (e.g. 45 knots). The output capacity of 

the diesel engines ranges for example from 1 MW to 20 MW, in 

particular is equal to 10 MW, and that of the gas turbine 

ranges from 5 MW to 30 MW, in particular is equal to 20 MW.  

 

The generators 4 are embodied here as synchronous machines 

having a rotating HTS field winding (i.e. an HTS winding in 

the rotor). Machines of said type have a low synchronous 

reactance and therefore great stiffness in their current vs. 

voltage characteristic curve. By way of example, FIG 2 shows 

It is advantageous if the drive motors 5 are also embodied as high-powered and high-torque
synchronous machines having a rotating HIS field winding (i.e. an HIS winding in the rotor). For special
operating situations it is possible, by closing the switches 16, to switch the first drive shaft 11 and the
second drive shaft 12 as well as the first drive shaft 11 and the third drive shaft 13 from a first
operating state in which they are electrically decoupled from each other, to a second  16
opera-L.11-1g state in winch they are electrically coupled to each other in such a way that a transfer of
energy can take place from the generator 4 of one drive shaft to the drive motor 5 of the other drive
shaft. It is furthermore possible also to transfer energy between the second and the third drive shaft
12, 13 by way of the busbar 7 of the first drive shaft 11. By this means It is possible on the one hand to
supply energy to a drive shaft even in the event of a failure of its energy generators (1.e. gas turbine 3
or diesel engine 6), thereby enabling a significant Increase in the level of fault resilience, in particular
for navy vessels. On the other hand the energy can be generated according to requirements using
precisely as many energy generators as necessary to ensure these will operate at a good level of
efficiency in an opera-L.11-1g point. Synchronizing the amplitude, frequency and phase of the voltage
generated by the generators 4 also enables a drive motor 5 to be fed simultaneously by generators 4
of different drive shafts. 
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in this regard the characteristic curve of a synchronous 

generator having a rotating HTS field winding and an output 

capacity of 400kW for the case of the application of a full 

load from zero to 380kW. A machine of said type has for 

example a synchronous longitudinal reactance xd = 0.15. As can 

be seen from the shape of the current curve I and the voltage 

curve U, no dips in the voltage U occur when the load is 

connected into the circuit at time tz. This demonstrates the 

extremely stable operating response of such a machine even 

under extreme fluctuations in load. 

 

As a result there are no noticeable backlash effects on the 

input voltage of the electrical onboard power network 

converters 22 in the event of abrupt load shocks on the part 

of the waterjets (as may be caused e.g. in heavy seas). The 

electrical onboard power network converters 22 can therefore 

be equipped with much lower dynamic reserves than when 

conventional synchronous machines without HTS winding are used 

as generators in the drive shafts 11, 12, 13. Furthermore, a 

complex and expensive closed-loop control system for 

stabilizing the speed (or voltage and frequency) of the 

respective drive motor 5 or waterjet 3 can be dispensed with 

in the drive shafts 11, 12, 13.  

 

It is advantageous if the drive motors 5 are also embodied as 

high-powered and high-torque synchronous machines having a 

rotating HTS field winding (i.e. an HTS winding in the rotor).  

 

For special operating situations it is possible, by closing 

the switches 16, to switch the first drive shaft 11 and the 

second drive shaft 12 as well as the first drive shaft 11 and 

the third drive shaft 13 from a first operating state in which 

they are electrically decoupled from each other, to a second 

The stiffness of the current vs. voltage characteristic curves of the drive shafts 11, 12, 13 means that a
complex and expensive closed-loop control system for stabilizing the speeds (or voltage and
frequency) of the drive motors 5 or waterjets 3 and the output voltage of the electrical onboard power
network converters 22 can also be dispensed with in the second opera-L.11-1g state of the ship drive
system. The ship drive system 1 preferably finds application in a trimaran. In this case the drive shafts
11, 12, 13 are located with the waterjets 3 in the middle hull of the trimaran.  17 Obviously a vessel
can also have more than three such waterjets 3 with a corresponding number of electric drive shafts. A
ship drive system 30 shown in FIG 3 differs from the ship drive system 1 shown in FIG 1 on the one
hand in that It has propellers 34 Instead of waterjets as propulsion units and in that the first electric
drive shaft 11 has a diesel engine 6 Instead of a gas turbine for driving the generator 4. The propellers
34 must be able to be operated at relatively low speeds and relative low capacity. In that respect the
diesel engines 6 have a relatively poor level of efficiency. The propulsion network with the busbars 7 is
for example a medium-voltage propulsion network having a voltage of 6.6 kV/60Hz and the electrical
onboard power network 20 has a voltage of 660V/60Hz. The ship drive system 30 differs from the ship
drive system 1 shown in FIG 1 on the other hand in that the second and the third drive shaft 12, 13 can
be switched from a normal operating state, as shown in FIG 3, in which the drive shafts 12, 13 are
each electrically coupled to a respective electrical onboard power subnetwork 20 by way of a
respective transformer 21 and an electrical onboard power network converter 22 and in which the
generator 4 of the drive shaft 12, 13 is electrically coupled to the drive motor 5 of the respective drive
shaft 12, 13, without the electrical onboard power network converter 22 being interposed
therebetween, to a first special operating state, as shown in FIG 4, in which the generator 4 of the
drive shaft 12, 13 is electrically coupled to the drive motor 5 of the respective drive shaft 12, 13 by way
of the transformer 21, the electrical onboard power network converter 22 and a transformer 37. 
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operating state in which they are electrically coupled to each 

other in such a way that a transfer of energy can take place 

from the generator 4 of one drive shaft to the drive motor 5 

of the other drive shaft. It is furthermore possible also to 

transfer energy between the second and the third drive shaft 

12, 13 by way of the busbar 7 of the first drive shaft 11.  

 

By this means it is possible on the one hand to supply energy 

to a drive shaft even in the event of a failure of its energy 

generators (i.e. gas turbine 3 or diesel engine 6), thereby 

enabling a significant increase in the level of fault 

resilience, in particular for navy vessels. On the other hand 

the energy can be generated according to requirements using 

precisely as many energy generators as necessary to ensure 

these will operate at a good level of efficiency in an 

operating point.  

 

Synchronizing the amplitude, frequency and phase of the 

voltage generated by the generators 4 also enables a drive 

motor 5 to be fed simultaneously by generators 4 of different 

drive shafts.  

 

The stiffness of the current vs. voltage characteristic curves 

of the drive shafts 11, 12, 13 means that a complex and 

expensive closed-loop control system for stabilizing the 

speeds (or voltage and frequency) of the drive motors 5 or 

waterjets 3 and the output voltage of the electrical onboard 

power network converters 22 can also be dispensed with in the 

second operating state of the ship drive system. 

 

The ship drive system 1 preferably finds application in a 

trimaran. In this case the drive shafts 11, 12, 13 are located 

with the waterjets 3 in the middle hull of the trimaran. 

18 In the normal opera-L.11-1g state the generators 4 are then driven as described herelntofore by the
diesel engines 6 in such a way that they generate a motor voltage having variable amplitude and
variable frequency. On the one hand the respective drive motor 5 is supplied with said variable
voltage. On the other hand said variable voltage is then converted by way of the respective
transformer 21 and the electrical onboard power network converter 22 Into the voltage of constant
amplitude and frequency of the electrical onboard power subnetwork 20. When the diesel engines 6
are subject to speed requirements below then- minimum speed requirement, the ship drive system 30
can be switched over from the normal opera-L.11-1g state to the first special opera-L.11-1g state. The
generators 4 are then driven by the diesel engines 6 at their minimum speed such that they generate a
motor voltage having constant amplitude and frequency. Said voltage is converted by way of the
respectively connected transformer 21, electrical onboard power network converter 22 and transformer
37 Into a voltage of variable amplitude and frequency for supplying the respective drive motor 5, the
frequency of the converted voltage bell-1g less than the frequency of the voltage generated by the
generator 4. Toward that end the electrical onboard power network converter 22 can be connected on
the output side either to the electrical onboard power subnetwork 20 by way of a switch 31 or to the
drive motor 5 by way of the transformer 37 and a switch 33. The drive motor 5 is connectable in turn
by way of the switch 33 either to the output of the electrical onboard power network converter 22 (by
way of the transformer 37 and  19 
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Obviously a vessel can also have more than three such 

waterjets 3 with a corresponding number of electric drive 

shafts.  

 

A ship drive system 30 shown in FIG 3 differs from the ship 

drive system 1 shown in FIG 1 on the one hand in that it has 

propellers 34 instead of waterjets as propulsion units and in 

that the first electric drive shaft 11 has a diesel engine 6 

instead of a gas turbine for driving the generator 4. The 

propellers 34 must be able to be operated at relatively low 

speeds and relative low capacity. In that respect the diesel 

engines 6 have a relatively poor level of efficiency. The 

propulsion network with the busbars 7 is for example a medium-

voltage propulsion network having a voltage of 6.6 kV/60Hz and 

the electrical onboard power network 20 has a voltage of 

660V/60Hz.  

 

The ship drive system 30 differs from the ship drive system 1 

shown in FIG 1 on the other hand in that the second and the 

third drive shaft 12, 13 can be switched from a normal 

operating state, as shown in FIG 3, in which the drive shafts 

12, 13 are each electrically coupled to a respective 

electrical onboard power subnetwork 20 by way of a respective 

transformer 21 and an electrical onboard power network 

converter 22 and in which the generator 4 of the drive shaft 

12, 13 is electrically coupled to the drive motor 5 of the 

respective drive shaft 12, 13, without the electrical onboard 

power network converter 22 being interposed therebetween, to a 

first special operating state, as shown in FIG 4, in which the 

generator 4 of the drive shaft 12, 13 is electrically coupled 

to the drive motor 5 of the respective drive shaft 12, 13 by 

way of the transformer 21, the electrical onboard power 

network converter 22 and a transformer 37. 

the switch 31) or to the busbar 7 of the respective drive shaft 12, 13 (by way of a switch 35). On the
input side the electrical onboard power network converter 22 can be connected to the busbar 7 of the
respective drive shaft 12, 13 by way of a switch 36, the transformer 21 and a switch 38. In the first
special operating state shown in FIG 2, the electrical onboard power subnetworks 20 can be supplied
with current either by the respective port generator 25 or by way of an additional electrical onboard
power network converter (not shown in further detail) which can be connected to the busbar 7 for
example by way of the transformer 21 and the switch 38. Alternatively, provided the transformer 21 is
dimensioned for an adequate capacity, an electrical onboard power subnetwork 20 can also be
connectable directly to the busbar 7 by way of the transformer 21 and the switch 38 and consequently
can be supplied with current directly from the busbar 7 without an electrical onboard power network
converter being Interposed therebetween. In this case a parallel mode of operation is then also
possible with the electrical onboard power network converter 22, by way of which the drive motor 5 is
supplied with current. In a second special operating state shown in FIG 5, the drive motors 5 are fed
from an electrical onboard power subnetwork 20 by way of a respective electrical onboard power
network converter 22. In order to stabilize the electrical onboard power subnetworks 20 it is
advantageous for these to be coupled to each other by way of the switches 23.  20 For that purpose
the electrical onboard power network converters 22 can be connected on the Input side either to the
respective busbar 7 or to the respective electrical onboard power subnetwork 20 by way of the switch
36. On the output side the electrical onboard power network converter 22 is connectable either to the
electrical onboard power subnetwork 20 by way of the switch 31 or to the drive motor 5 by way of the
transformer 37 and the switch 33. 
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In the normal operating state the generators 4 are then driven 

as described hereintofore by the diesel engines 6 in such a 

way that they generate a motor voltage having variable 

amplitude and variable frequency. On the one hand the 

respective drive motor 5 is supplied with said variable 

voltage. On the other hand said variable voltage is then 

converted by way of the respective transformer 21 and the 

electrical onboard power network converter 22 into the voltage 

of constant amplitude and frequency of the electrical onboard 

power subnetwork 20.  

 

When the diesel engines 6 are subject to speed requirements 

below their minimum speed requirement, the ship drive system 

30 can be switched over from the normal operating state to the 

first special operating state. The generators 4 are then 

driven by the diesel engines 6 at their minimum speed such 

that they generate a motor voltage having constant amplitude 

and frequency. Said voltage is converted by way of the 

respectively connected transformer 21, electrical onboard 

power network converter 22 and transformer 37 into a voltage 

of variable amplitude and frequency for supplying the 

respective drive motor 5, the frequency of the converted 

voltage being less than the frequency of the voltage generated 

by the generator 4. 

 

Toward that end the electrical onboard power network converter 

22 can be connected on the output side either to the 

electrical onboard power subnetwork 20 by way of a switch 31 

or to the drive motor 5 by way of the transformer 37 and a 

switch 33. The drive motor 5 is connectable in turn by way of 

the switch 33 either to the output of the electrical onboard 

power network converter 22 (by way of the transformer 37 and 

The electrical onboard power network converter 22 receives a voltage of constant amplitude and
frequency on the input side and converts it into a voltage of variable amplitude and frequency for
supplying the respective drive motor 5. The second special operating state can be used on the one
hand to supply the drive motors 5 with current by means of the port generators 25 in the event of a
failure of the generators 4. Alternatively to the first special operating state, however, the second
special operating state can also be used to supply the drive motors with current at low speeds which
lead to speed requirements imposed on the diesel engines 6 that lie below their minimum speed
requirements. If in this case the electrical onboard power network converter 22 is fed on the Input side,
not from the electrical onboard power (sub)network 20, but by the generator 4 by way of the busbar 7,
the generator 4 will generate a voltage of constant amplitude and frequency. For example, the diesel
engine 6 driving the generator 4 will then be operated at its minimum speed. The electrical onboard
power network converter 22 then converts the voltage of constant amplitude and frequency present at
its Input Into a voltage of variable amplitude and  21 frequency for supplying the respective drive motor
5, the frequency of the converted voltage being less than the frequency of the voltage generated by
the generator 4. 
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the switch 31) or to the busbar 7 of the respective drive 

shaft 12, 13 (by way of a switch 35). On the input side the 

electrical onboard power network converter 22 can be connected 

to the busbar 7 of the respective drive shaft 12, 13 by way of 

a switch 36, the transformer 21 and a switch 38.  

 

In the first special operating state shown in FIG 2, the 

electrical onboard power subnetworks 20 can be supplied with 

current either by the respective port generator 25 or by way 

of an additional electrical onboard power network converter 

(not shown in further detail) which can be connected to the 

busbar 7 for example by way of the transformer 21 and the 

switch 38. 

 

Alternatively, provided the transformer 21 is dimensioned for 

an adequate capacity, an electrical onboard power subnetwork 

20 can also be connectable directly to the busbar 7 by way of 

the transformer 21 and the switch 38 and consequently can be 

supplied with current directly from the busbar 7 without an 

electrical onboard power network converter being interposed 

therebetween. In this case a parallel mode of operation is 

then also possible with the electrical onboard power network 

converter 22, by way of which the drive motor 5 is supplied 

with current.  

 

In a second special operating state shown in FIG 5, the drive 

motors 5 are fed from an electrical onboard power subnetwork 

20 by way of a respective electrical onboard power network 

converter 22. In order to stabilize the electrical onboard 

power subnetworks 20 it is advantageous for these to be 

coupled to each other by way of the switches 23. 

 

In the second special operating state the electrical onboard power subnetworks 20 can be supplied
with current either by the port generators 25 or by way of an additional electrical onboard power
network converter (not shown in further detail) which is connected to the busbar 7 for example by way
of the transformer 21 and the switch 38.  22 CLAIMS 1.A ship drive system (1) having at least a first
and a second electric drive shaft (11, 12), each of winch is provided for driving a propulsion unit (2), in
particular a waterjet, wherein each of the electric drive shafts (11, 12) comprises  at least one
speed-variable generator (4) driven by an Internal combustion engine (3, 6) for generating a motor
voltage having variable amplitude and variable frequency, and 
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For that purpose the electrical onboard power network 

converters 22 can be connected on the input side either to the 

respective busbar 7 or to the respective electrical onboard 

power subnetwork 20 by way of the switch 36. On the output 

side the electrical onboard power network converter 22 is 

connectable either to the electrical onboard power subnetwork 

20 by way of the switch 31 or to the drive motor 5 by way of 

the transformer 37 and the switch 33.  

 

The electrical onboard power network converter 22 receives a 

voltage of constant amplitude and frequency on the input side 

and converts it into a voltage of variable amplitude and 

frequency for supplying the respective drive motor 5.  

 

The second special operating state can be used on the one hand 

to supply the drive motors 5 with current by means of the port 

generators 25 in the event of a failure of the generators 4.  

 

Alternatively to the first special operating state, however, 

the second special operating state can also be used to supply 

the drive motors with current at low speeds which lead to 

speed requirements imposed on the diesel engines 6 that lie 

below their minimum speed requirements. 

 

If in this case the electrical onboard power network converter 

22 is fed on the input side, not from the electrical onboard 

power (sub)network 20, but by the generator 4 by way of the 

busbar 7, the generator 4 will generate a voltage of constant 

amplitude and frequency. For example, the diesel engine 6 

driving the generator 4 will then be operated at its minimum 

speed. The electrical onboard power network converter 22 then 

converts the voltage of constant amplitude and frequency 

present at its input into a voltage of variable amplitude and 

at least one speed-variable drive motor (5) supplied with    said motor voltage and coupled to a
propulsion unit (2), characterized in that the first and the second drive shaft (11, 12) can be switched
from a first operating state in winch they are electrically decoupled from each other, to a second
operating state in winch they are electrically coupled to each other in such a way that a transfer of
energy can take place from the at least one generator (4) of one drive shaft (11, 12) to the at least one
drive motor (5) of the other drive shaft (11, 12). 2.The ship drive system (1) as claimed in claim 1,
having a  hird electric drive shaft (13) for driving a further propulsion unit (2), in particular a waterjet,
wherein the  hird drive shaft (13) comprises 
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frequency for supplying the respective drive motor 5, the 

frequency of the converted voltage being less than the 

frequency of the voltage generated by the generator 4.  

 

In the second special operating state the electrical onboard 

power subnetworks 20 can be supplied with current either by 

the port generators 25 or by way of an additional electrical 

onboard power network converter (not shown in further detail) 

which is connected to the busbar 7 for example by way of the 

transformer 21 and the switch 38. 

 

at least one speed-variable generator (4) driven by an Internal combustion engine (6) for generating a
motor voltage having variable amplitude and variable frequency, and  at least one speed-variable drive
motor (5) supplied with said motor voltage and coupled to the further propulsion unit (2),  23 and
wherein the first and the third drive shaft (11, 13) can be switched from a first operating state in which
they are electrically decoupled from each other, to a second operating state in which they are
electrically coupled to each other in such a way that a transfer of energy can take place from the at
least one generator (4) of one drive shaft (11, 13) to the at least one drive motor (5) of the other drive
shaft (11, 13).  3. The ship drive system (1) as claimed in one of the preceding claims, characterized in
that the at least one generator (4) has a superconductor winding, in particular a high-temperature
superconductor (HIS) winding.  4. The ship drive system (1) as claimed in one of the preceding claims,
characterized in that the at least one drive motor (5) has a superconductor winding, in particular a
high-temperature superconductor (HIS) winding. 
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CLAIMS 

 

1. A ship drive system (1) having at least a first and a 

second electric drive shaft (11, 12), each of which is 

provided for driving a propulsion unit (2), in particular a 

waterjet, wherein each of the electric drive shafts (11, 12) 

comprises 

- at least one speed-variable generator (4) driven by an 

internal combustion engine (3, 6) for generating a motor 

voltage having variable amplitude and variable frequency, 

and  

- at least one speed-variable drive motor (5) supplied with 

said motor voltage and coupled to a propulsion unit (2),  

characterized in that the first and the second drive shaft 

(11, 12) can be switched from a first operating state in which 

they are electrically decoupled from each other, to a second 

operating state in which they are electrically coupled to each 

other in such a way that a transfer of energy can take place 

from the at least one generator (4) of one drive shaft (11, 

12) to the at least one drive motor (5) of the other drive 

shaft (11, 12).  

 

2. The ship drive system (1) as claimed in claim 1, having a 

third electric drive shaft (13) for driving a further 

propulsion unit (2), in particular a waterjet, wherein the 

third drive shaft (13) comprises 

- at least one speed-variable generator (4) driven by an 

internal combustion engine (6) for generating a motor 

voltage having variable amplitude and variable frequency, 

and  

- at least one speed-variable drive motor (5) supplied with 

said motor voltage and coupled to the further propulsion 

unit (2), 

5. The ship drive system (1) as claimed in claim 4, characterized in that the superconductor winding is
a rota-L.11-1g rotor winding.  6. The ship drive system (1) as claimed in one of the preceding claims,
characterized in that the drive shafts (11, 12 or 11, 13) are coupled by means of an electric line
connection (14, 15) winch preferably Includes a superconductor, in particular a high-temperature
superconductor (HTS).  7. The ship drive system (1) as claimed in one of claims 2 to 6,  24 
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and wherein the first and the third drive shaft (11, 13) can 

be switched from a first operating state in which they are 

electrically decoupled from each other, to a second 

operating state in which they are electrically coupled to 

each other in such a way that a transfer of energy can take 

place from the at least one generator (4) of one drive shaft 

(11, 13) to the at least one drive motor (5) of the other 

drive shaft (11, 13). 

 

3. The ship drive system (1) as claimed in one of the 

preceding claims, characterized in that the at least one 

generator (4) has a superconductor winding, in particular a 

high-temperature superconductor (HTS) winding. 

 

4. The ship drive system (1) as claimed in one of the 

preceding claims, characterized in that the at least one drive 

motor (5) has a superconductor winding, in particular a high-

temperature superconductor (HTS) winding. 

 

5. The ship drive system (1) as claimed in claim 4, 

characterized in that the superconductor winding is a rotating 

rotor winding.  

 

6. The ship drive system (1) as claimed in one of the 

preceding claims, characterized in that the drive shafts (11, 

12 or 11, 13) are coupled by means of an electric line 

connection (14, 15) which preferably includes a 

superconductor, in particular a high-temperature 

superconductor (HTS).  

 

7. The ship drive system (1) as claimed in one of claims 2 

to 6,  

characterized in that the second and the third drive shaft (12, 13) serve as the main drive for a lower
speed range of the vessel and the first drive shaft (11) on its own or in combination with the second
and the third drive shaft (12, 13) serves as the main drive for a higher speed range up to the maximum
speed of the vessel.  8. The ship drive system (1) as claimed in claim 7, characterized in that the
Internal combustion engine of the first drive shaft (11) is embodied as a gas turbine (6) and the Internal
combustion engines of the second and the third drive shaft (11, 12) are embodied as diesel engines
(6).  9. The ship drive system (1) as claimed in one of the preceding claims, characterized by an
electrical onboard power network converter (22) which is supplied with the motor voltage having
variable amplitude and variable frequency of one of the drive shafts (12, 13) and which converts said
voltage into a voltage having constant amplitude and constant frequency for an electrical onboard
power network.  10. The ship drive system (1) as claimed in one of claims 2 to 8, characterized by a
first electrical onboard power network converter (22) which is supplied with the motor voltage having
variable amplitude and variable frequency of the second drive shaft (12) and which converts said
voltage into a voltage having constant amplitude and constant frequency for a first electrical onboard
power subnetwork (20), and by a second electrical onboard power network converter (22) which is
supplied with the motor voltage having variable amplitude and variable frequency of the third drive
shaft (13) and which converts said voltage into a voltage having constant 
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characterized in that the second and the third drive shaft 

(12, 13) serve as the main drive for a lower speed range of 

the vessel and the first drive shaft (11) on its own or in 

combination with the second and the third drive shaft (12, 13) 

serves as the main drive for a higher speed range up to the 

maximum speed of the vessel.  

 

8. The ship drive system (1) as claimed in claim 7, 

characterized in that the internal combustion engine of the 

first drive shaft (11) is embodied as a gas turbine (6) and 

the internal combustion engines of the second and the third 

drive shaft (11, 12) are embodied as diesel engines (6).  

 

9. The ship drive system (1) as claimed in one of the 

preceding claims, characterized by an electrical onboard power 

network converter (22) which is supplied with the motor 

voltage having variable amplitude and variable frequency of 

one of the drive shafts (12, 13) and which converts said 

voltage into a voltage having constant amplitude and constant 

frequency for an electrical onboard power network.  

 

10. The ship drive system (1) as claimed in one of claims 2 

to 8, 

characterized by a first electrical onboard power network 

converter (22) which is supplied with the motor voltage having 

variable amplitude and variable frequency of the second drive 

shaft (12) and which converts said voltage into a voltage 

having constant amplitude and constant frequency for a first 

electrical onboard power subnetwork (20),  

and by a second electrical onboard power network converter 

(22) which is supplied with the motor voltage having variable 

amplitude and variable frequency of the third drive shaft (13) 

and which converts said voltage into a voltage having constant 

25 amplitude and constant frequency for a second electrical onboard power subnetwork (20). 11. The
ship drive system (1) as claimed in claim 10, characterized in that the two electrical onboard power
subnetworks (20) can be coupled to each other. 12. The ship drive system (1) as claimed in one of
claims 9 to 11, characterized by at least one additional electrical onboard power network generator
(25) for supplying the electrical onboard power network or one of the electrical onboard power
subnetworks (20) with a voltage having constant amplitude and constant frequency. 



 

 

25 

 

amplitude and constant frequency for a second electrical 

onboard power subnetwork (20).  

 

11. The ship drive system (1) as claimed in claim 10,  

characterized in that the two electrical onboard power 

subnetworks (20) can be coupled to each other.  

 

12. The ship drive system (1) as claimed in one of claims 9 

to 11,  

characterized by at least one additional electrical onboard 

power network generator (25) for supplying the electrical 

onboard power network or one of the electrical onboard power 

subnetworks (20) with a voltage having constant amplitude and 

constant frequency. 

 

13. The ship drive system (1) as claimed in one of claims 9 

to 12, 

characterized in that the at least one generator (4) of the 

drive shaft (11, 12, 13) can be driven by the internal 

combustion engine (3, 6) driving it optionally at a fixed or 

at a variable frequency.  

 

14. The ship drive system (1, 30) as claimed in one of claims 

9 to 13, characterized in that the drive shaft (12, 13) can be 

switched from an operating state in which the at least one 

generator (4) of the drive shaft (12, 13) is electrically 

coupled to the at least one drive motor (5) of the drive shaft 

(12, 13) without the electrical onboard power network 

converter (22) being interposed therebetween and generates a 

voltage of variable amplitude and frequency, to an operating 

state in which the at least one generator (4) of the drive 

shaft (12, 13) is electrically coupled to the at least one 

drive motor (5) of the drive shaft (12, 13) by way of the 

13. The ship drive system (1) as claimed in one of claims 9 to 12, characterized in that the at least one
generator (4) of the drive shaft (11, 12, 13) can be driven by the internal combustion engine (3, 6)
driving it optionally at a fixed or at a variable frequency. 14. The ship drive system (1, 30) as claimed in
one of claims 9 to 13, characterized in that the drive shaft (12, 13) can be switched from an operating
state in which the at least one generator (4) of the drive shaft (12, 13) is electrically coupled to the at
least one drive motor (5) of the drive shaft (12, 13) without the electrical onboard power network
converter (22) being interposed therebetween and generates a voltage of variable amplitude and
frequency, to an operating state in which the at least one generator (4) of the drive shaft (12, 13) is
electrically coupled to the at least one drive motor (5) of the drive shaft (12, 13) by way of the  26
electrical onboard power network converter (22), the electrical onboard power network converter (22)
generating a voltage of variable amplitude and frequency. 
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electrical onboard power network converter (22), the 

electrical onboard power network converter (22) generating a 

voltage of variable amplitude and frequency.  

 

15. The ship drive system (1, 30) as claimed in one of claims 

9 to 14, characterized in that the drive shaft (12, 13) can be 

switched from an operating state in which the at least one 

generator (4) of the drive shaft (12, 13) is electrically 

coupled to the at least one drive motor (5) of the drive shaft 

(12, 13) without the electrical onboard power network 

converter (22) being interposed therebetween and generates a 

voltage of variable amplitude and frequency, to an operating 

state in which the electrical onboard power network or 

electrical onboard power subnetwork (20) is electrically 

coupled to the at least one drive motor (5) of the drive shaft 

(12, 13) by way of the electrical onboard power network 

converter (22), the electrical onboard power network converter 

(22) generating a voltage of variable amplitude and frequency.  

 

16. An application of the ship drive system (1) as claimed in 

one of the preceding claims in a multihulled vessel, in 

particular in a trimaran. 

15. The ship drive system (1, 30) as claimed in one of claims 9 to 14, characterized in that the drive
shaft (12, 13) can be switched from an operating state in which the at least one generator (4) of the
drive shaft (12, 13) is electrically coupled to the at least one drive motor (5) of the drive shaft (12, 13)
without the electrical onboard power network converter (22) being Interposed therebetween and
generates a voltage of variable amplitude and frequency, to an operating state in winch the electrical
onboard power network or electrical onboard power subnetwork (20) is electrically coupled to the at
least one drive motor (5) of the drive shaft (12, 13) by way of the electrical onboard power network
converter (22), the electrical onboard power network converter (22) genera-L.11-1g a voltage of
variable amplitude and frequency.  16. An application of the ship drive system (1) as claimed in one of
the preceding claims in a multihulled vessel, in particular in a trimaran. 


