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DESCRIPTION

Synchronous generator control, generator system and vessel

energy system

Field of invention

The present invention relates to an arrangement for control-
ling a synchronous generaktor, to a generator system compris-
ing the arrangement and to a vessel energy system comprising
the generator system,

Art Background

EP 1 012 943 Bl discloses a system for supplying electromo-
tive consumers with electric energy, wherein a Diesel motor
drives an AC generator connected to a rectifier, in order to

provide a DC energy stream.

EP 1 614 621 Bl discloses an electric power supply system for
ships having a generator and consumers.

EP 1 914 162 Bl discloses a DC power distribution system that
can be used for marine power and propulsion systems, wherein
a Diesel engine drives a generator to supply power to an out-

put converter,

WO 2010/06077 A2 discloses a power distribution system com-

prising a plurality of generator systems each comprising an

alternating current generator directly connected to a recti-
fier.

It has been observed that conventional power distribution
systems do not in all situations operate in a safe and reli-

able manner.

There may be a need for an arrangement for controlling a syn-

chronous generator, for a generator system and a vessel en-
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ergy system, wherein it may be ensured that the system oper-
ates in a safe and reliable manner, in particular in case of
a fault or malfunction of one or more components of the sys-

tem or of an external component.

Summary of the Invention

This need may be met by the subject matter according to the
independent claims. Advantageous embodiments of the present

invention are described by the dependent claims.

According to an embodiment it is provided an arrangement for
controlling a synchronous generator having a stator compris-
ing at least one stator winding and having a rotor with an
electromagnet driven by a field current, the rotor being ro-
tatable relative to the stator, the electromagnet being in-
ductively coupled to the gstator winding, the arrangement com-
prising a measurement system adapted to measure at least one
gquantity, and a controller adapted to cause shutting down the
field current, if the guantity satisfies at least one crite-
rion associated with at least one malfunction.

The at least one quantity can includes at least one quantity
indicative of a operating condition of a rectifier circuit

connected to the output terminal of the stator winding.

The arrangement does not need to comprise the synchronous
generator. The arrangement ig however adapted for controlling

the synchronous generator.

The synchronous generator generates at an output terminal an
AC energy stream (voltage and/oxr current) which has the same
frequency as the frequency of the rotor rotating relative to
the stator. The synchronous generator may for example be a
singly fed electric generator or a doubly fed electric gen-
erator. The electric energy is generated upon rotation of the
rotor, wherein by induction a voltage is induced in the sta
tor winding due to the rotation (movement) of the electromag-
net of the rotor. In particular, the synchronous generator
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doeg not comprise a permanent magnet, but instead an electro-
magnet which due to the field current generates a magnetic
field, which then induces (at the stator winding) the voltage

representing the electric power output stream.

In particular, the synchronous generator may comprise a sta-
tor having three stator windings (formed by wire portions)
arranged at different circumferential positions of the sta-
tor. The three windings (one per phase) are composed of three
separate wires which may be connected in a starlike manner or

a triangle-like manner.

The electromagnet of the rotor may comprise a core, in par-
ticular a ferromagnetic core, in which a magnetic field is
generated upon flow of the field current through a coil of
the electromagnet. The field current may in particular be a

DC-field current. The rotor may be supported using a bearing.

The measurement system may comprise one or more measurement
sensorg arranged at one or more positiong of the synchronous
generator or at one or more positions of further or external
components, such as a generator rectifier, a load and so on.
The quantity may in particular comprige an electrical guan-
tity. The controller may generate, in particular upon receiv-
ing the quantity, a control signal which may be supplied to a
further circuitry, which then indirectly shuts down the field

Surrentc.

Shutting down the field current may shut down or at least re-
duce a magnetic field generated by the electromagnet, when
the field current is flowing through the electromagnet. Thus,
shutting down the field current may result in a reduction of
the magnetic field and may even lead to a vanishing magnetic
field a short time, such as between 0.5 s and 3 s, afterxr
shutting down the field current. However, the magnetic field
may sustain a while after shutting down the field current due

to remanence of the electromagnet. However, the remanence may
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only lead to a relatively small magnetic field, which may not
induce a significant voltage at the stator winding.

Thereby, upon shutting down the field current the energy
stream output by the synchronous generator at the output ter-
minal or in particular three output terminals may be reduced
to a gmall value, in particular to zero. Thereby, in case of
a malfunction (of the arrangement or any external component
connected indirectly or directly with the arrangement), in
particular output current, may be interrupted or shut off, in
order to provide a protection function for protecting the ar-
rangement or any external component connected directly or in-
directly with the arrangement. Thereby, a save and reliable

operation of the synchronous generator may be ensured.

In particular, the synchronous generator may be mechanically

connected or coupled to a combustion engine, such as a Diesel
generator. In particular, the synchronous generator may pro-

vide its output energy stream to a rectifier in order to en-

able setting up a DC distribution system. Setting up or pro-

viding a DC energy distribution system may provide the advan-
tage to run the generator with variable speed, which may re-

sult in a reduced fuel consumption and pollution; reduced the
costs of the system and decreasing maintenance efforts re-

quired on the Diesel engines.

In particular, when the synchronous generator is connected at
its output terminal to a rectifier the protection function isg
realized by shutting off or stopping the magnetic field sup-
ply to the generator magnetization, i.e. the electromagnet of
the rotor.

In an embodiment, the quantity is indicative of a temperature
of a rectifier circuit connected at the output terminal of
the stator winding, wherein the at least one criterion com-
prises that the temperature is grealer than a temperature
threshold.
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The quantity relating to the rectifier circuit operating con-
dition may additionally orxr alternatively include a quantity
indicative of a DC voltage between DC output terminals of the
rectifier circuit. The at least one criterion may comprise
that the DC voltage drops below a voltage threshold, which
may for example occur upon the occurrence of a fault in a
component electrically coupled to the DC output terminals of
the rectifier circuit, e.g. a fault on a DC bus or in a com-

ponent coupled thereto.

In an embodiment, the at least one quantity may further in-
clude a quantity indicative of a operating condition of a
magnetization circuit, in particular magnetization circuit

current and/or magnetization circuit wvoltage.,

In a further embodiment, the at least one quantity may fur-
ther include a stator current and an output current measured
for the stator winding to obtain a current difference Eor

providing differential protection for the stator winding.

In an embodiment, the measurement system is adapted to meas-
ure at least one quantity including a quantity relating to
the rectifier circuit operating condition, a quantity indica-
tive of a operating condition of the magnetization circuit
and stator current and an output current. A comprehensive
protection of the generator and of the rectifier circuit cou-
pled thereto may thus be achieved,

Monitoring or measuring the temperature of the rectifier may
provide an appropriate indication whether the rectifier is in
an acceptable operating condition. In particular, a failure

or malfunction may be indicated by a tempecrature which super-

sedes the temperature threshold.

According to an embodiment of the present invention the quan-
tity is indicative of a stator winding current and/or the
guantity is indicative an output current at an AC-output ter-

minal of the stator winding, wherein the at least one crite-
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rion comprises that the stator current is above a stator cur-
rent threshold and/or that the output current is above an
output current threshold, wherein the malfunction is a ghort
circuit state of a load or network connected to the output

terminal.

The stator winding current may comprise three stator winding
current portions, each being associated with a respective one
of three stator windings. Further, the output current may be
represented by three output current portions each being asso-
ciated with one of three output terminals corresponding to
three output phases. In an intact synchronous generator the
stator winding current may be at least approximately equal to
the output current. However, if there are some problems with
the synchronous generator, in particular with the stator
winding or stator windings, the stator winding current may be
different from the output current. The stator winding current
may be measured at one or more positions at the stator wind-
ing and/or the output current may be measured at one or more

positiong cloge or at the output terminal.

The stator current threshold may be determined in particular
based on electrical properties of components which are con-
nected at the output terminals. Also, the output current
threshold may be determined based on electrical properties of
one or more components connected to the output terminals. In
particular, the current threshold may be determined based on
current limits of one or more components connected to the
output terminals. Thereby, the components connected to the
output terminals may be protected from damage in case of the
short circuit state, In particular, the short circuit state
may be due to gome malfunction or failure in a distribution
system, in particular DC energy distribution system, con-

nected at the output terminal of the synchronous generator.

According to an embodiment of the present invention the con-
troller is adapted to integrate a square of the stator wind-

ing current and/or of the output current over a certain time
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range to obtain an integration value, wherein the at least
one criterion comprises that the integration value is greater
than an integration threshold, wherein the malfunction is an

overload state of a load connected to the output terminal.

In particular, the integration threshold may be based on
electrical properties, in particular electrical limits, of
one or more components connected to the output terminals.
Thereby, overloading of a load connected (indirectly or di-
rectly) at the output terminal may be avoided.

According to an embodiment of the present invention the con-
troller 1s adapted to determine a difference between the sta-
tor winding current and the output current to obtain a cur-
rent difference, wherein the at least one criterion comprises
that the current difference is greater than a current differ-
ence threshold, wherein the malfunction comprises a malfunc-
tion of the generator.

The difference of the stator winding current and the output
current may be zero or at least approximately zero for an in-
tact stator winding, but may deviate from zero for a stator
winding which is not operating in a correct manner. Thereby,
a malfunction or failure of the generator may be detected by
determining the difference and the synchronous generator may
be shut off, in particular regarding its power output, in or-
der to protect other components or the synchronous generator
itgelf from damage. Alternatively, a current unbalance detec-
tion for detecting different currents for different phases

could be implemented.

According to an embodiment of the present invention the quan-
tity is indicative of a temperature of a rectifier circuit,
in particular a diode, connected at the output terminal of
the stator winding, wherein the at least one criterion com-
prises that the temperature is greater than a temperature
threshold or a change of the temperature is greater that a
temperature change threshold.
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When a rectifier circuit, in particular comprising two diodes
connected in serieg per phase of the output terminals (where-
in each phase is connected between the two diodes connected
in geries) the synchronous generator may provide electric en-
ergy to a DC energy distribution system. In particular, the
rectifier may block a reverse current such that it may be
enough to shut down the field current, in order to stop the

generator output current.

In particular, the stator current threshold and/or the output
current threshold and/or the integration threshold and/or an
output voltage upper threshold and/or an output voltage power
threshold and/or a temperature may be based on electrical
properties of the diode, in particular electrical limit val-

ues of the diode.

Monitoring or measuring the temperature of the rectifier may
provide an appropriate indication whether the rectifier ig in
an acceptable operating condition. In particular, a failure
or malfunction may be indicated by a temperature which super-
gedes the temperature threshold.

According to an embodiment of the present invention the quan-
tity is indicative of an output voltage at an AC-output ter-
minal of the stator winding, wherein the at least one crite-
rion compriges that the output voltage is greater than an
output voltage upper threshold, wherein the malfunction is an

overvoltage condition at the output terminal.

The overvoltage may also impair or damage one or more Compo-
nents connected at the output terminals and by shutting down
the output of the gynchronous generator these components may

be protected.

According to an embodiment of the present invention the guan-
tity is indicative of an output voltage at an AC-output ter-
minal of the stator winding, wherein the at least one crite-
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rion comprises that the output voltage is smaller than an
output voltage lower threshold, wherein the malfunction is an

undervoltage condition at the output terminal.

An undervoltage may impair the functionality of an energy
distribution system connected directly or indirectly with the
output terminals of the synchronous generator, By detecting
the undervoltage impairment of the DC energy distribution

system may be avoided or at least reduced.

According to an embodiment of the present invention the quan-
tity is indicative of a output frequency of an output voltage
or output current at the AC-output terminal of the stator
winding, wherein the at least one criterion comprises that
the output freguency deviates more than a frequency deviation
threshold from a target frequency, wherein the malfunction is

an errcneous frequency at the output terminal.

The Erequency of the voltage and/or current at the output
terminal of the synchronous generator may correspond or may
be equal (at least approximately) to the fregquency of rota-
tion of the rotor rotating relative to the staktor. However,
if the rotation frequency is too low or too high the driving
combustion engine, such as a Diesgel engine, may not operate
in an optimal working condition. In case of a deviation of
the frequency from the target Erequency is detected, the com-
bustion engine mechanically driving the synchronous generator
may be controlled in order to reestablish the target fre-

gquency .

According to an embodiment of the present invention it is
provided a generator gystem comprising an arrangement accord-
ing to one of the preceding embodiments, the synchronous gen-
erator having the stator comprising the at least one stator
winding and having the rotor with the electromagnet driven by
the field current, the rotor being rotatable relative to the
statoxr, the electromagnet being inductively coupled to the

stator winding; and a system for providing the field current,
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wherein the controller is adapted to cause shutting down the
field current by supplying a control signal to system for

providing the field current,

The system for providing the field current may be configured
in different ways. In particular, the field current may be
provided to the electromagnet by direct electrical contact
between an energy source and a coil of the electxomagnet or
may be provided to the electromagnet of the rotor by induc-
tive coupling, thereby avoiding mechanical contacts between
rotating parts and static parts. The controller may be commu-
nicatively connected to the system for providing the field
current in an optical, electric manner or using radio fre-

quency communication,

The system for providing the field current may be supplied
with electric energy also from the output terminal of the
synchronous generator. Thereby, a separate energy supply may
be suspended with. The generator system may in particular
provide electric energy for a DC energy distribution system.

Since the generator system comprises the arrangement for con-
trolling the synchronous generator components of the synchro-
nous generator and componentsg connected to the output termi-
nals of the synchronous generator may be protected from dam-

age as is explained above.

According to an embodiment of the present invention the sys-
tem for providing the field current comprises a slip ring me-
chanically coupled to the rotor and electrically coupled to
the electromagnet and a brush contacting the slip ring,
wherein shutting down the field current comprises interrupt-

ing current flow supplied to the brush.

The brush or the brushes may electrically contact the slip
ring. Thereby, a mechanical connection between the brush and
the slip ring may be established. Thus, when the brush elec-

trically contacts the glip ring a current provided to the
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brush may flow through the slip ring and through the electro-
magnet of the rotor, whereupon a magnetic field is generated
which then in turn induces an electric voltage at the stator

windings of the stator.

According to an embodiment of the present invention the sys-
tem for providing the field current comprises (instead of the
slip ring and the brush) a rotating coil mechanically coupled
to the rotor; a rotatable rectifier mechanically coupled to
the rotor and electrically coupled to the rotating coil and
providing the field current to the electromagnet of the ro-
tor; a stator electromagnet inductively coupled to the rotat-
ing coil; and a stator electromagnet supply system for sup-
plying an exciting voltage to the stator electromagnet,
wherein shutting down the field current comprises interrupt-

ing the exciting voltage to the stator electromagnet.

Upon rotation of the rotating coil (connected to the rotor)
the stator electromagnet induceg a voltage in the rotating
coil thereby establishing an AC-signal which is rectified us-
ing the rotatable rectifier and is then supplied as a DC-

field current to the electromagnet of the rotor.

The stator electromagnet is driven by a stator electromagnet
supply system. Interrupting the exciting voltage to the sta-
tor electromagnet may cause shutting down the field current,
since the stator electromagnet will not generate any magnetic
field, when the exciting voltage is interrupted. Thereby, the
output current of the synchronous generator may be shut down
in a simple and reliable manner without requiring a particu-

lar switch at an output terminal ot the generator.

According to an embodiment of the present invention the sta-
tor electromagnet supply system comprises at least one con-
trollable switch, in particular isolated gate bipolar tran-
sistor (IGBT), driven by a gate driver circuit, wherein shut-
ting down the field current comprises supplying a shut-down
signal to the gate driver. The stator electromagnet supply
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system may in particular comprise four controllable switches,
wherein two pairs of series connected controllable switches
are connected between two DC-bars and wherein the exciting
voltage to the gtator electromagnet is tapped at a connection

between the two controllable switches in each pair.

The shut-down signal may cause the controllable switches to
adapt a non-conducting state. Thereby, the generator output

current may be easily switched off.

According to an embodiment of the present invention the gen-
erator system further comprises an emergency stop switch be-
tween the at least one controllable switch and the stator
electromagnet. The emergency stop switch may also be con-
trolled by the controller of the arrangement for controlling

the synchronous generator.

According to an embodiment of the present invention the gen-
erator system further comprises a generator rectifier con-
nected to the AC-output terminal, in particular three AC-
output terminals, the rectifier comprising in particular a
diode and a temperature sensor for measuring the temperature
of the diode, wherein in particular the rectifier is the only

load connected to the output terminal of the generator.

The generator rectifier may comprise gix diodes, wherein
three pairs of diodes are arranged in parallel and wherein
between the two diodes of each pair one output terminal of
the stator winding is connected. Thereby, the generator sys-
tem may setup or establish a DC energy distribution system.
The generator rectifier advantageously blocks reverse cur-

rent.

According to an embodiment of the present invention the gen-
erator may comprises separate winding sets and have a respec-
tive rectifier connected to each of the separate winding
sets.
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Further in particular, the generator rectifier may comprise
an isolation switch downstream of the diodes. Because of the
diodes no current can flow back from the DC-output terminal

of the generator to the synchronous generator.

According to an embodiment of the present invention it is
provided an energy system , in particular vegsel energy sys-
tem or free standing (autarkical) electrical system, drilling
system, or industry grid, comprising a combustion engine for
providing mechanical energy; a generator system according to
one of the embodiments described above and arranged for con-
verting the mechanical energy to electrical energy; and a DC-
distribution system coupled to the a DC-output terminal of
the generator rectifier for distributing the electrical en-

erxgy, in particular to at least one propulsion motor.

The combustion engine may in particular comprise a Diesel en-
gine. The generator system comprises the generator rectifier
and thus converts the mechanical energy provided by the com-
bustion engine into a DC energy stream. The DC-distribution
system may provide the electrical enerxrgy in the form of a DC-
energy stream to one or more variable speed drives for driv-
ing one Oor more propulsion motors. The vessel may for example
be a ship, a platform, in particular an oil platform.

The aspects defined above and further aspectg of the present
invention are apparent from the examples of embodiment to be
described hereinafter and are explained with reference to the
examples of embodiment. The invention will be described in

more detail hereinafter with reference to examples of embodi-

ment but to which the invention is not limited.

Brief Description of the Drawings

The following particular embodiments of the present invention

are described with reference to the accompanying drawings.
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The invention is not limited to the illustrated or explained

or described embodiments.

Plg. L schematically illustrates a vessel energy sys-
tem according to an embodiment of the present
invention, wherein the vessel energy system
comprises a generator system according to an

embodiment of the present invention;

Fig. 2 schematically illustrates the generator system
according to an embodiment of the present in-
vention, which is comprised in the vessel en-
ergy system illustrated in Fig. 1; and

Fig. 3 illustrates a graph explaining a functionality
of an arrangement for controlling a synchronous
generator according to an embodiment of the

present invention.

Fig. 1 schematically illustrates a vessel energy system 100
according to an embodiment of the present invention including
a generator system 101 according to an embodiment of the pre-
sent invention which comprises an arrangement 103 for con-
trolling a synchronous generator 105 according to an embodi-

ment of the present invention.

The vessel energy system 100 comprises a Diesel engine 107
which is mechanically connected to the generator system 101,
in particular to the synchronous generator 105 comprised in
the generator system 101l. The generator system 101 further
comprises a generator cubicle 109 which is connected at an
output terminal 111 of the generator 105 providing AC-energy
stream 119 in order to generate at an output terminal 113 of
the generator cubicle a DC energy stream 121 from the AC-
energy stream 119 provided at the AC-output terminal 111 of
the generator 105. In particular, although not illustrated,
the generator 105 comprises three output terminals 111 pro-
viding three phases shifted by 120° relative to each other.
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The generator cubicle 109 comprises an arrangement 103 for
controlling the synchronous generator 105, a rectifier c¢ir-
cuit (also referred to as generator rectifier) 115 and an
isolation switch 117. The generator rectifier 115 generates
from the AC energy stream 119 provided by the generator 105 a
DC energy stream 121 which is provided to a DC energy distri-
bution system 123,

The DC energy distribution system 123 may provide electric
energy to one or more propulsion motors for example on a ves-

sel, a ship or a platform at the gea.

Fig. 2 schematically illustrates the generator system 101 il-
lustrated in Fig. 1 in some more detail.

The generator system 101 comprises the generator 105, the
rectifier circuit 115, a system 125 for providing a field
current 127 and an arrangement or controller 103 for conkrol-

ling the synchronous generator 105.

The generator 105 has a stator 129 comprising at least one
stator winding 131, wherein in the particular case three sta-
tor windings 131 are illustrated providing three output ter-
minals 133 of the generator 105 for three electrical phases.
The stator windings 131 are established by respective wires
135. The generator 105 has a rotor 137 with an electromagnet
139 which is driven by the field current 127. Thereby, the
rotor 137 is rotatable relative to the stator 129.

The system 125 for providing the field current 127 comprises
a rotating coil 141 which is mechanically coupled to the ro-
tor 137, a rotatable rectifier 143 which is mechanically cou-
pled to the rotor 137 and electrically coupled to the rotat-
ing coil 141 and providing the field current 127 to the elec-
tromagnet 139 of the rotor 137. Further, the system 125 for
providing the field current 127 comprises a stator electro-
magnet 145 which is inductively coupled to the rotating coil
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141. Further, the system 125 for providing the field current
127 comprises a stator electromagnet supply system 147 for
supplying an exciting voltage from an output terminal 149
therecf to the stator electromagnet 145. Thereby, the stator
electromagnetic supply system 147 is supplied with electric
energy via input terminals 151 which are connected via a
transformer 153 to the three output terminals 133 of the gen-

erator 105.

The stator electromagnet supply system 147 comprises four
isolated gate bipolar transistors 155 which are driven by a
gate drive circuit 157 which receivesg control signals via
signal lines 159 from the arrangement or controller 103 for

controlling the synchronous generator 105,

The generator system 101 further comprises an emergency stop
switch 161 between the output terminalg 149 of the stator
electromagnet supply system 147 and the stator electromagnet
145 for shutting off a supply voltage.

The generator rectifier circuit 115 comprises six diodes 163
which are arranged as three pairs of series connected diodes
between two DC output terminals 180 of the generator system
101. The three phase output terminals 133 of the synchronous
generator 105 are connected between two diodes 163 of each

pair of diodes of the generator rectifier circuit 115.

The generator system 101 is configured and arranged to pro-
tect the diodes 163 from damage in particular in case of a

short circuit event caused by some defective load connected
to the to the DC output terminals 180, for example,

Therefore, the arrangement 103 acquires using by a not illus-
trated measurement system at least one quantity, such as a
stator current 167, an output current 165 and/or an output
voltage 168 relating to the output of the generator 105. Fur-
ther, the arrangement 103 may receive a temperature signal
169 (from temperature sensor 170) indicating the temperature
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of one or more of the diodes 163 of the generator rectifier
circuit 115. Further, the arrangement 103 receives the meas-
urement valueg 171 indicating the DC voltage between the DC
output terminals 180. Further, the arrangement 103 receives
one or more control signals from other controllers, such as
the signals 173. Further, the arrangement 103 may be con-
trolled by a human interface 175.

In particular, the arrangement 103 (which may also be re-
ferred to as generator control module, profinet communication
interface, household control 30 Hz to 120 Hz voltage, current
and frequency measurements) is adapted to shut down the field
current 127 in case of a malfunction of the generator or of
any component connected directly or indirectly at the output
terminals 133 of the generator 105.

Therefore, the controller 103 or the arrangement including
the controller 103 and the measurement system for providing
the current measurement signal, is adapted to cause shutting
down the field current 127, if at least one of the guantities
received satisfies at least ome criterion associated with at

least one malfunction.

In particular, Fig. 3 illustrates a graph explaining one pro-
tection function of the controller 103 comprised in the gen-
erator system 101 illustrated in Fig. 2. On an abscissa 301
the time in seconds is indicated, while on an ordinate 302
the diode current 177 flowing through the diode 163 of the

generator rectifier circuit 115 is indicated in Ampere.

The curve 303 indicates the diode current limit of the diodes
163. The curve 305 illustrates the actual diode current 177

flowing through the diode 163 after a short circuit on the DC
bus 180 and after the controller 103 has caused shutting down
the field current 127 30 ms after the short circuit appeared.
Before the short circuit appeared, the generator 105 was run-
ning at a frequency of 62.5 Hz and nominal conditions. As can

be seen from Figure 3 the actual current (curve 305) lieg
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well below the current limit (curve 303) such that the diodes
163 of the generator rectifier 115 are protected from damage.

Tn particular, the controller 103 may acguire measurement
values relating to the stator, such as it may acquire three
phase current measurement, three phase voltage measurement,
three phase mutual point current measurement and output fre-

quency measurement.

Further, the controller 103 may acquire values which are re-
lated to the rectifier circuit 115, such as DC measurement
valueg, diode bridge temperatures, such as the signals 169
and 171.

Furkther, the controller 103 may acquire measurement values
relating to the magnetization circuit 145, 147, in particular
external magnetization circuit current, external magnetiza-

tion circuit voltage, such as signals 177.

The generator system 101 is adapted to protect from short
circuit, overvoltage, undervoltage, unbalanced load protec-
tion, differential current protection, overexcitation, under-
excitation and inverse time over current (overload condi-
tion). Further, the generator system 101 is adapted for moni-

toring frequency, overspeed, temperature and fault history.

It should be noted that the term “comprising” does not ex-
clude other elements or steps and “a” or “an” does not ex-
clude a plurality. Also elements described in association
with different embodiments may be combined. It should also be
noted that reference signs in the claims should not be con-

strued as limiting the scope of the claims.
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CLAIMS

1. Arrangement (103) for controlling a synchronous generator
(105) having a stator (129) comprising at ledst one stator
winding (131) and having a rotor (137) with an electromagnet
(139)ndriven by a field current {(127), the rotor (137) being
rotatable relative to the stator (129), the electromagnet
(138) being inductively coupled to the stator winding (131},
the arrangement (103) comprising:

a measurement system adapted to measure at least one
quantity (167, 165, 168, 169, 171);

a controller adapted to cause shutting down the field
current (127), if the guantity satisfies at least one crite-
rion associated with at least one malfunction,

wherein the at least one quantity (167, 165, 168, 169,
171) includes at least one quantity (169, 171) indicative of
a operating condition of a rectifier circuit (115) connected
to the output terminal (133) of the stator winding (131),

wherein the at least one guantity (167, 165, 168, 169,
171) further includes a stator current (167) and an output
current (165) measured for the stator winding (131) to obtain
a current difference for providing differential current pro-

tection for the stator winding (131).

2. Arrangement according to claim 1, wherein the guantity is
indicative of a temperature (169) of the rectifier circuit
(115) connected at the output terminal (133) of the stator
winding (131),

wherein the at least one criterion comprises that the
temperature is greater than a temperature threshold,

or wherein the quantity is indicative of a DC voltage
(171) between DC output terminals (180) of the rectifier cir-

cuitt (118}

3. Arrangement according to claim 1 or 2, wherein the at
least one quantity (167, 165, 168, 169, 171) further includes
a quantity indicative of a operating condition of a magneti-
zation circuit (145, 147), in particular magnetization cir-

cuit current and/or magnetization circuit voltage.
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4. Arrangement according to any of the preceding claims,
wherein the quantity is indicative of a stator winding cur-
rent (167) and/or wherein the quantity is indicative an out-
put current (165) at an AC-output terminal (133) of the sta-
tor winding (131),

wherein the at least one criterion comprises that the stator
current is above a stator current threshold and/or that the
output current (177) is above an output current threshold
(303),

wherein the malfunction is a short circuit state of a load

connected to the output terminal.

5. Arrangement according to one of the preceding claims,
wherein the controller is adapted to integrate a square of
the stator winding current and/or of the output current (177)
over a certain time range to obtain an integration wvalue,
wherein the at least one criterion comprises that the inte-
gration value is greater than an integration threshold,
wherein the malfunction is an overload state of a load con-

nected to the output terminal.

6. Arrangement according to one of the preceding claims,
wherein the controller is adapted to determine

a difference between the stator winding current (167)
and the output current (165) to obtain a current difference,
wherein the at least one criterion comprises that the current
difference is greater than an current difference threshold,
wherein the malfunction comprises a malfunction of the gen-
erator and/or

a difference or differences between current flow of dif-
ferent phases of the stator winding current and/or the output
current to obtain a phase associated current difference,
wherein the at least one criterion comprises that the phase
associated current difference is greater than an phase asso-
ciated current difference threshold,
wherein the malfunction comprises a malfunction of the gen-

erator.

7. Arrangement according to one claims 1 to 5, wherein the

controller is adapted to determine a difference between the
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stator winding current (167) and the output current (165) to
obtain a current difference, wherein the stator winding cur-
rent 1s measured at one or more positions at the stator wind-
ing and/or the output current is measured at one or more po-

sitions close to or at the output terminal.

8. Arrangement according to one of the preceding claims,
wherein the quantity is indicative of a temperature (169) of
a diode (163) of the rectifier circuit (115),

wherein the at least one criterion comprises that a change of
the temperature is greater that a temperature change thresh-
old.

9. Arrangement according to one of the preceding claims,
wherein the quantity is indicative of an output voltage (168)
at an AC-output terminal of the stator winding (131),
wherein the at least one criterion comprises that the output
voltage is greater than an output voltage upper threshold,
wherein the malfunction is an overvoltage condition at the

output terminal.

10. Arrangement according to one of the preceding claims,
wherein the quantity is indicative of an output voltage (168)
at an AC-output terminal (133) of the stator winding (131),
wherein the at least one criterion comprises that the output
voltage i1s smaller than an output voltage lower threshold,
wherein the malfunction is an undervoltage condition at the

output terminal.

11. Arrangement according to one of the preceding claims,
wherein the quantity is indicative of an output frequency
(168) of an output voltage or output current at an AC-output
terminal of the stator winding,

wherein the at least one criterion comprises that the output
frequency deviates more than a frequency deviation threshold
from a target frequency.

wherein the malfunction is an erroneous frequency at the out-

put terminal.
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12. Generator system (101), comprising:

an arrangement (103) according to one of the preceding
claims;

the synchronous generator (105) having the stator (129)
comprising the at least one stator winding (131) and having
the rotor (137) with the electromagnet (139) driven by the
field current (127), the rotor being rotatable relative to
the stator, the electromagnet (139) being inductively coupled
to the stator winding {131); and

a system (125) for providing the field current (127),
wherein the controller is adapted to cause shutting down the
field current (127) by supplying a control signal (159) to
system (125) for providing the field current.

13. Generator system according to claim 12, wherein the sys-
tem (125) for providing the field current comprises a slip
ring mechanically coupled to the rotor and electrically cou-
pled to the electromagnet and a brush contacting the slip
ring, wherein shutting down the field current comprises in-

terrupting current flow supplied to the brush.

14. Generator system according to claim 12, wherein the sys-
tem (125) for providing the field current (127) comprises:

a rotating coil (141) mechanically coupled to the rotor
(137);

a rotatable rectifier (143) mechanically coupled to the
rotor (137) and electrically coupled to the rotating coil
(141) and providing the field current (127) to the electro-
magnet (139) of the rotor (137);

a stator electromagnet (145) inductively coupled to the
rotating coil (141);

a stator electromagnet supply system (147) for supplying
an exciting voltage to the stator electromagnet (145),
wherein shutting down the field current (127) comprises in-

terrupting the exciting voltage to the stator electromagnet.

15. Generator system according to claim 14, wherein the sta-
tor electromagnet supply system (147) compriscs at least one
controllable switch (155), in particular isolated gate bipo-

lar transistor, driven by a gate driver circuit (157),
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wherein shutting down the field current (127) comprises supplying a shut-down signal (159)
to the gate driver (157),

16. Generator system according to claim 15, further comprising an emergency stop
switch (161) between the at least one controllable switch (155) and the stator electromagnet
(145).

17. Generator system according to one of claims 12 to 16, further comprising:

a generator rectifier (115) connected to the AC-output terminal (133), in particular
three AC-output terminals, the rectifier comprising in particular a diode (163) and a
temperature sensor (170) for measuring the temperature (169) of the diode (163),
wherein in particular the rectifier is the only load connected to the output terminal (133) of

the generator (105).

18. Energy system, in particular vessel energy system (100), comprising:

a generator system (101) according to one of claims 12 to 16 arranged for converting
mechanical energy provided by a combustion engine (107) to electrical energy;

a DC-distribution system (123) coupled to the a DC-output terminal (180) of the
rectifier circuit (115) for distributing the electrical energy, in particular to at least one

propulsion motor.




