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Description 

Fault protection system for a power system of dynamically po­

sitioned vessel 

Field of the invention 

The invention relates to a fault protection system of a power 

system of a dynamically positioned vessel, to a power system 

10 of a dynamically positioned vessel and to a corresponding 

method. 

Background 

15 Floating vessels, such as semi submersibles, drill ships, 

floating production storage and offloading (FPSO) vessels or 

the like can be provided with dynamic positioning systems. 

Such dynamically positioned vessels can use electrically 

driven propellers, i.e. electric thrusters, to keep position 

20 during oil and gas drilling operations, station keeping, an­

choring, port maneuvering and the like. For certain types of 

operations, in which an increased risk of oil pollution, loss 

of life, collisions or the like exists, it has to be ensured 

that the position of the vessel is kept for minimizing these 

25 risks. Integrity and failure safe operation of the power sys­

tem which supplies electric power to the thrusters of the dy­

namically positioned vessel are thus of particular im­

portance . 

30 The vessels can be classified into different classes, such as 

DP2 (dynamic positioning 2), DP3 or the like. High risk oper­

ations such as drilling operations or the approach of other 

vessels may for example require a certain mode of operation 

for a particular vessel class. To ensure that a malfunction 

35 of a component does not lead to a complete blackout of the 

power system of the dynamically positioned vessel, the power 

system needs to be split into several sections, e.g. 2 to 4, 

in such high risk mode of operation. Each section of the pow­
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er system is located in a separate engine room, the engine 

rooms being isolated with fire proof and water tight walls. 

During such high risk operations, the sections of the power 

system are electrically isolated, e.g. by opening connections 

5 provided by electric cables termed bus ties. One or more en­

gines with connected generators have to be run per power sys­

tem section in order to supply electric power to connected 

loads, e.g. to the electric motors of the thrusters. Conse­

quently, in a system with only three sections, three, four or 

10 more engines will be running most of the time, the number in­

creasing with the number of sections. 

The engines will generally run at relatively low power out­

put, wherein the specific fuel consumption of these engines 

15 in the low operating range is generally higher. Consequently, 

fuel consumption of such power system is high compared to an 

operational mode in which the sections of the power system 

can be electrically connected, so that for example only two 

generators need to be operated, each at a higher load. 

20 

Besides the increased fuel consumption and C02 emission, run­

ning several engines in parallel with reduced load can fur­

ther result in soot accumulating in the combustion chambers, 

increased operating hours for the generator sets and thus 

25 higher costs of maintenance. Since the engines will run most 

of the time, the blackout risk is also increased. 

Operating such system with interconnected power system sec­

tions, i.e. with connected bus ties, is generally not possi-

30 ble since a fault, such as a short circuit or generator fail­

ure, will generally result in a total blackout of the ves­

sel's power system. Such blackout will result in a loss of 

position of the vessel, which can be detrimental; it can re­

sult in an oil spill or the loss of life. It is thus desira-

35 ble to improve such power systems of dynamically positioned 

vessels, and to achieve operation with reduced fuel consump­

tion and higher efficiently of the engines powering the gen­

erators. It is also desirable to maintain such fuel efficient 
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operation during high risk operations, without compromising 

the integrity and the safe operation of the power system. 

Summary 

5 

Accordingly, there is a need for improving the operation of 

power systems of dynamically positioned vessels, and in par­

ticular for reducing fuel consumption of the vessel while 

maintaining operational safety of such power systems. 

10 

This need is met by the features of the independent claims. 

The dependent claims describe embodiments of the invention. 

According to an aspect of the invention, a fault protection 

15 system of a power system of a dynamically position vessel is 

provided. The power system is separated into two or more pow­

er system sections each comprising a bus section of a power 

distribution bus. The bus sections are connected by bus ties 

in a ring configuration. Each power system section comprises 

20 two or more power system subsections. Each power system sub­

section comprises a bus subsection of the power distribution 

bus, wherein the bus subsections of the same power system 

section are connected by one or more bus couplers, thus form­

ing the respective bus section. Each bus section comprises a 

25 connection to a generator and a connection to a thruster 

drive of the dynamically positioned vessel. The fault protec­

tion system comprises a fault isolation system including for 

each power system section a bus tie circuit breaker for 

breaking the connection provided by the bus tie and one or 

30 more bus coupler circuit breakers for breaking the connection 

provided by the one or more bus couplers. The fault isolation 

system is configured to implement a differential over-current 

protection scheme for operating at least the bus tie circuit 

breaker and the bus coupler circuit breaker. The fault pro-

35 tection system further comprises a generator ride through 

system comprising for each bus section an excitation limiter 

for the generator coupled to the respective bus section. The 

generator ride through system is adapted to limit the excita-
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tion field current provided to the generator upon occurrence 

of a fault. The fault protection system further comprises a 

thruster drive ride through system configured to provide 

electric energy to a DC bus of a variable frequency drive 

5 (VFD) of the thruster drive of each bus section upon occur­

rence of a fault so as to maintain the voltage on the DC bus 

above a predetermined voltage threshold. The fault protection 

system is configured so that upon occurrence of a fault in 

the power system, the fault is isolated by tripping the com-

10 ponent of the power system in which the fault occurred and/or 

by opening one or more circuit breakers in the power system 

subsection in which the fault is located. Furthermore, it is 

configured to continue operation of the power system with the 

remaining bus tie circuit breakers and bus coupler circuit 

15 breakers closed. 

Such fault protection system allows an isolation of the fault 

in the respective component or by electrically isolating the 

whole power system subsection, in particular by opening the 

20 circuit breakers at both ends of the respective bus subsec­

tion, e.g. a bus tie circuit breaker and a bus coupler cir­

cuit breaker. Since a differential protection scheme is used, 

the subsection in which the fault is located can be deter­

mined efficiently, and isolation of the fault can occur with-

25 out affecting the remaining power system subsections, in par­

ticular without separating the remaining bus sections. By 

means of the ring configuration, the remaining bus sections 

remain connected. The whole power system can thus operate 

with only two generators. Even if the power system subsection 

30 of which one of the generators is part needs to be isolated, 

the whole power system remains operational since the remain­

ing generator can supply all loads of the remaining power 

system subsections with electric power, since they stay con­

nected . 

In particular, the fault protection system may be configured 

so that a fast recovery from a voltage dip originated by a 
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fault is achieved, so that upon occurrence of a fault, the 

power system can continue to operate with closed breakers. 

Furthermore, the generator ride through system and the 

5 thruster drive ride through system ensure that the remaining 

running generator(s) and the connected thruster drives stay 

operational. A fault in the power system, e.g. a short cir­

cuit, a ground fault or the like, will generally lead to a 

voltage drop on the power distribution bus. The generator 

10 ride through system ensures that the generator (S) which re­

mains connected to the still operational power distribution 

bus sections continues to operate. In particular, it prevents 

that the exciter of the generator gets damaged and that vio­

lent torque changes occur at the generator. The automatic 

15 voltage regulation of such generators may otherwise lead to 

excessive currents in the exciter when it tries to bring the 

voltage on the power distribution bus back to normal. By 

means of the thruster drive ride through system, the thruster 

drive can stay operational throughout the fault. When the 

20 voltage drops on the power distribution bus during a fault, 

the voltage at the DC bus of the variable frequency drive 

will similarly drop, which results in the need to restart the 

VFD. This is a time consuming process during which the corre­

sponding thruster drive is inoperable. Position loss of the 

25 vessel may result. By supplying electric energy to the DC bus 

of the VFD, the VFD can be kept alive and the thruster can 

immediately continue to operate as soon as the fault is 

cleared and power is restored on the power distribution bus. 

30 The fault protection system thus achieves a safe operation of 

the power system, wherein a fault in a component of the power 

system will neither lead to a blackout of the whole power 

system, nor to the loss of position. In such setup, the fault 

protection system may be configured to restore electric power 

35 on the power distribution bus in less than one second, pref­

erably in less than 500 ms or even less than 250 ms. The 

fault protection system may enable the dynamically positioned 

vessel to operate with closed bus tie circuit breakers even 
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in high risk situations, such as drilling, approaching of 

other vessels or the like, in particular in DP2 or DP3 opera­

tional modes. Since operation with electrically connected bus 

ties is possible, fuel consumption can be reduced signifi-

5 cantly, and the lifetime of engines and generators can be 

prolonged. C02 emission can be decreased and cost savings can 

be achieved. 

In an embodiment, the fault isolation system is configured to 

10 implement a differential over-current protection and/or a di­

rectional over-current protection against faults for at least 

the bus ties and the bus subsections. In differential over 

current protection, it may for example be checked at both 

ends of the bus ties which current is flowing into the bus 

15 tie and out of the bus tie. Similarly, for the bus subsec­

tion, the magnitude of the current flowing into and out of 

the bus subsection may be checked. Furthermore, a logic may 

be used for checking the direction of the currents. 

20 In an embodiment, the differential over-current protection 

may be used as a primary protection scheme, whereas the di­

rectional over-current protection may be used as a backup, in 

particular for the bus ties and the bus subsections. It can 

thus be ensured that the location of the fault in a particu-

25 lar power system subsection can be identified and can consec­

utively be isolated. 

The fault detection system may for example comprise protec­

tion relays for operating at least the bus coupler circuit 

30 breakers and the bus tie circuit breakers. The protection re­

lays may implement the differential over current protection 

and/or the directional over current protection for the bus 

ties and the bus subsections. As an example, relays located 

at both ends of the bus ties may measure the current and may 

35 communicate with each other in order to provide differential 

over-current protection, and the relays may trigger upon pre­

determined conditions. Protection relays may furthermore be 



7 

provided for operating the generator and thruster drive cir­

cuit breakers. 

In an embodiment, the fault isolation system may furthermore 

5 be configured to implement a short circuit and over-current 

protection as a backup by means of at least the bus tie cir­

cuit breakers and the bus coupler circuit breakers. Again, 

protection relays may be configured to provide the short cir­

cuit and over-current protection. In case the conditions for 

10 triggering the differential protection or directional protec­

tion are not met or the differential or directional protec­

tion is not working properly, the fault can still be isolated 

by means of the backup function of short circuit and over 

current protection. 

Each bus subsection may comprise a connection to a generator 

and a connection to a thruster drive of the dynamically posi­

tioned vessel. The generator ride through system and the 

thruster drive ride through system may be provided for the 

20 generator and the thruster drive, respectively, of each bus 

subsection. Accordingly, if in a particular power system sec­

tion, one power system subsection needs to be isolated due to 

the occurrence of a fault, the one or more remaining power 

system subsections of the same power system section can con-

25 tinue to operate by supplying electric energy from the gener­

ator to the one or more thruster drives. Loss of function can 

thus be efficiently restricted to the power system subsection 

in which the fault occurred. 

30 The fault isolation system may further comprise for each pow­

er system section, preferably for each power system subsec­

tion, a generator circuit breaker for breaking the connection 

to the generator and a thruster drive circuit breaker for 

breaking the connection to the thruster drive. As mentioned 

35 above, these circuit breakers may again be operated by pro­

tection relays. In an embodiment, the fault protection system 

implements differential over current protection for the gen­

erator and furthermore implements short circuit and over cur­
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rent protection for the thruster drive. As a backup for the 

generator circuit breaker differential protection, a short 

circuit and over-current protection may be provided. As a 

backup for the protection provided by the thruster drive cir-

5 cuit breaker, a breaker failure protection may be provided, 

according to which all circuit breakers in the subsection are 

opened upon detection of a breaker failure. Thus, in case a 

fault occurs in the thruster drive and the thruster drive 

circuit breaker fails, the fault can still be isolated effi-

10 ciently by isolating the whole power system subsection. 

The short circuit and over current protection may be config­

ured to trip the associated circuit breaker if the current 

through the circuit breaker exceeds a threshold value. This 

15 can occur with a predefined delay, to allow other circuit 

breakers in the system to trip first. Also, the corresponding 

protection relay may implement a directional functionality, 

in accordance with which the threshold values for the over-

current or the tripping delay depend on the direction of the 

20 current through the circuit breaker. The protection relay and 

associated circuit breaker can thus be integrated in the di­

rectional protection scheme for e.g. the bus subsection. 

The fault protection system may be configured to trip a gen-

25 erator, e.g. to open the generator circuit breaker, upon oc­

currence of a fault in the automatic voltage regulator (AVR) 

of this generator or in the governor associated with this 

generator. It may thus be prevented that i£ the generator for 

example produces excess or consumes excess reactive power due 

30 to a fault in the AVR, it forces other generator into an un­

der excited or over excited state, thus effectively propagat­

ing the fault through the power system. In an embodiment, the 

fault protection system further comprises an automatic volt­

age regulator (AVR) containing the excitation limiter. The 

35 automatic voltage regulator is adapted to automatically ad­

just the voltage provided by the respective generator to keep 

the voltage within an operation band. The AVR may furthermore 

comprise an under excitation limiter adapted to limit the in­
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flow of reactive power into the respective generator. It may 

thus prevent the generator from going into an under excited 

state. The AVR will generally try to regulate voltage on the 

power distribution bus or reactive power in the system. A 

5 failure in another generator may cause that excess reactive 

power is created in the power system, the AVR trying to make 

the generator draw this excess reactive power to prevent a 

high voltage condition in the power system. This may lead to 

an under excited operating condition of the generator, which 

10 can be prevented by means of the under excitation limiter. 

The afore mentioned excitation limiter, also termed over ex­

citation limiter, may be configured to detect a over current 

condition of the excitation field current, and may limit the 

15 excitation field current or ramp down the excitation field 

current to a preset value. Accordingly, prolonged excitation 

field over current can be prevented and the generator can be 

protected from overheating. 

20 Furthermore, the AVR may be configured to limit a voltage 

overshoot after the occurrence of a fault. In a conventional 

system, the AVR may try to maintain a predetermined voltage 

level on the power distribution bus, so that upon occurrence 

of a fault and a voltage drop on the power distribution bus, 

25 the AVR will try to obtain a maximum voltage output of the 

generator. Upon isolation of the fault, a large voltage over­

shot may thus occur on the power distribution bus, which can 

result in the tripping of components connected thereto. This 

can be prevented if the AVR is configured to limit the volt-

30 age overshoot after the occurrence of a fault. 

In an embodiment, the AVR is adapted to detect the occurrence 

of a fault by detecting a drop in the voltage at the genera­

tor output or at the power distribution bus. The AVR s 

35 adapted to decrease a voltage setpoint for the generator af­

ter the detection of a fault and to control the output volt­

age of the generator in accordance with the reduced voltage 

set point so as to limit voltage overshoot after the occur­
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rence of a fault. The tripping of consumers due to over volt­

age on the power distribution bus can thus be prevented effi­

ciently. The voltage overshoot after the clearance of the 

fault can be kept low. The AVR may furthermore be configured 

5 to ramp up the voltage set point back to the operating volt­

age setpoint within a predetermined amount of time after the 

fault is cleared. The system 10 thus smoothly returns to nor­

mal operating conditions after occurrence of a fault. 

10 The thruster drive ride through system of the fault protec­

tion system may be configured to maintain the voltage on the 

DC bus above the voltage threshold by means of kinetic energy 

recovery using kinetic energy of the thruster drive. 

15 In an embodiment, the thruster drive ride through system may 

comprise the variable frequency drive of each thruster drive, 

and the variable frequency drive may be adapted to decrease 

the output frequency upon a drop in voltage on the DC bus of 

the variable frequency drive. Such drop of voltage may for 

20 example occur after the occurrence of a fault in the power 

system. By decreasing the output frequency of the variable 

frequency drive (VFD), the VFD may be caused to operate in a 

generating condition in which electric energy is generated by 

an electric motor of the thruster drive. The generated elec-

25 trie energy is fed back to the DC bus to maintain the voltage 

on the DC bus above the voltage threshold. The kinetic energy 

of the rotor of the thruster drive may for example continue 

to turn the electric motor, the electric motor thus generat­

ing electric energy and maintaining the voltage on the DC 

30 bus. The thruster drive ride through system can be configured 

so that the generation of electric energy continues at as 

long as possible, stored kinetic energy may be recovered down 

to a zero rotation of the propeller of the thruster drive. 

Since the power system generally achieves relatively fast 

35 fault isolation, the power will generally be restored before 

this point is reached. By these measures, the VFD may be 

"kept alive", in particular the capacitors coupled to the DC 

bus may remain charged, so that operation of the thruster 
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drive can continue immediately after restoring the power. 

Loss of position of the vessel can thus be kept small or even 

prevented. 

5 The inverter part of the VFD coupled to the DC bus, which 

provides electric power at variable frequency to the electric 

motor of the thruster drive during normal operation, may op­

erate as a rectifier for the voltage generated by the elec­

tric motor of the thruster drive during kinetic energy recov-

10 ery. The DC voltage on the DC bus can thus be maintained. 

This type of ride through may also be termed inertia ride 

through or kinetic buffering. 

In an embodiment, the thruster drive ride through system may 

15 comprise a power storage device, such as a battery, which is 

coupled to the DC bus of the variable frequency drive. The 

power storage device may be adapted to supply electric power 

to the DC bus in case of a drop of voltage on the DC bus in 

order to maintain the voltage on the DC bus above the voltage 

20 threshold. Such power storage device may be provided addi­

tionally or alternatively to the kinetic energy recovery. The 

time over which the DC bus can be kept alive may thus be pro­

longed. 

25 The thruster drive ride through system may be implemented in 

a controller of the variable frequency drive (VFD). 

In a further embodiment, the power system may comprise for 

each power system subsection a connection to a thruster util-

30 ities switchboard which is electrically coupled to the gener­

ator of the respective power system subsection for providing 

electric power to utilities of the thruster drives. It can 

further provide a connection to an engine support switchboard 

electrically coupled to the generator of the respective power 

35 system subsection for providing electric power to utilities 

of the engine operating the generator of the power system 

subsection. The fault protection system may further comprise 

for each power system subsection a circuit breaker for break­
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ing the connection to the thruster utility switchboard and 

the engine support switchboard. In such configuration, the 

thruster utilities and the engine support switchboards can 

draw their electric power from the generator of the same pow-

5 er system subsection. Accordingly, each power system subsec­

tion is operable as an isolated island. Thus, if a power sys­

tem subsection becomes completely isolated, it can continue 

to operate its connected thruster drive by supplying electric 

power from the generator to the thruster drive. Further, if 

10 the whole power system section becomes isolated due to the 

occurrence of a fault in one of its subsections, a thruster 

drive within this isolated power system section may still be 

operable, since the other power system subsection(s) can be 

isolated and can operate independently. 

Also, if a fault occurs in a power system subsection, the 

thruster utilities and engine support switch boards can be 

electrically isolated from the remaining parts of the power 

system of the subsection, and operation of the thruster util-

20 ities or engine utilities may continue from a different power 

source. Thus, the thruster drive and/or the generator can 

stay operational after the occurrence of a fault, and may 

quickly be switched back online after clearance of the fault. 

25 The fault protection system may furthermore comprise an unin-

terruptable power supply (UPS) for each power system subsec­

tion. The uninterruptable power supply may be coupled to the 

thruster utility switch board and/or the engine support 

switch board. The UPS can supply electric power to these 

30 switchboards after the switchboards were separated from the 

remaining power system of the respective power system subsec­

tion . 

Furthermore, an electrical interlink connection may be pro-

35 vided from the thruster utility switchboard or the engine 

support switchboard of one power system subsection to the un­

interruptable power supply of another power system subsec­

tion. Accordingly, redundancy of the UPS can be achieved for 



13 

each of theses switchboards. Preferably, each of these 

switchboards is connected to two uninterruptable power sup­

plies. It can thus be ensured that the engine auxiliaries and 

the thruster auxiliaries can continue to operate in most sit-

5 uations, so that the respective generator and thruster drive 

can quickly be brought back online. The electrical interlink 

connection can be configured such that the thruster utility 

switchboard and the engine support switchboard of the one 

power system subsection remain galvanically isolated from the 

10 thruster utility switchboard and the engine support switch­

board of the other power system subsection. 

A further aspect of the invention relates to a power system 

of a dynamically positioned vessel. The power system compris-

15 es a fault detection system in any of the above outlined con­

figurations. In particular, all features mentioned above may 

be part of this power system, in combination or in isolation. 

With such power system, advantages similar to the ones out­

lined further above can be achieved. 

20 

In an embodiment, the power system further comprises for each 

power system subsection a connection to a thruster utility 

switchboard for providing electric power to utilities of the 

thruster drive and a connection to an engine support switch-

25 board for providing electric power to utilities of the engine 

operating the generator of the power system subsection. The 

power system further comprises a transformer for each power 

system subsection connected to the respective bus subsection. 

The transformer provides electric power to a respective 

30 thruster drive coupled to the bus subsection. The transformer 

comprises an additional secondary winding which is electri­

cally coupled to the thruster utilities switchboard and the 

engine support switchboard of the power system subsection for 

providing electric power to these switchboards. 

35 

Cost, size and weight of the power system can thus be re­

duced, since these switchboards are fed from the same trans­

former as the respective thruster drive. In an embodiment, 
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the transformer may comprise four windings, one primary wind­

ing coupled to the power distribution bus, two secondary 

windings coupled to the thruster drive, and the additional 

secondary winding coupled to the switchboards. Note that each 

5 of these windings may effectively comprise three windings for 

three-phase electric power, and that the windings may be con­

nected in different configurations, e.g. star or delta con­

figuration (for the three phases). The first secondary wind­

ing for the thruster drive may for example be connected in a 

10 star configuration whereas the second secondary winding for 

the thruster drive may be connected in a delta configuration, 

so as to achieve an input of two times three phases of AC 

electric power into the VFD of the thruster drive for mini­

mizing harmonic distortions in the VFD. 

In an embodiment, the power system may be configured to pro­

vide a voltage in a low voltage range, e.g. 400 to 1.000 V, 

on the engine support switchboard and the thruster utilities 

switchboard. It may furthermore be configured to provide a 

20 voltage in a medium voltage range, e.g. a range of about 

I.000 V to about 30.000 V AC on the power distribution bus. 

It may furthermore be configured to provide a voltage in the 

voltage range of about 1.000 V to about 10.000 V to the 

thruster drive, for example in a range between about 3.000 to 

25 about 8.000 V. The generators may thus be configured to pro­

vide an output in the medium voltage range of 1.000 to 30.000 

V, e.g. between about 5.000 to about 15.000 V, for example 

II.000 V. 

30 The power system is preferably configured to be operable in a 

DP2 and/or DP3 mode of operation. In particular, it may be 

configured to operate in the DP3 mode of operation with the 

bus tie breakers and the bus coupler circuit breakers closed. 

35 The dynamically positioned vessel may for example be a float­

ing offshore platform, a semi-submersible, a drill ship, a 

floating production, storage and offloading (FPSO) vessel or 

the like. 
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A further aspect of the invention provides a method of oper­

ating a fault protection system. The fault protection system 

is configured according to any of the above described config-

5 urations. The method comprises the steps of detecting a fault 

in the power system, localizing the fault in the power system 

e.g. by means of differential or directional over-current 

protection, or by detecting the fault in a particular compo­

nent, and electrically isolating the component in which the 

10 fault occurred from the remaining power system by opening a 

circuit breaker coupled to the component or by isolating the 

power system subsection in which the fault occurred from the 

remaining power system by opening bus tie and/or bus coupler 

circuit breakers of the respective bus subsection. If a bus 

15 subsection is for example bordered by two bus subsections of 

the same power system section, two bus coupler circuit break­

ers may be opened, whereas if the bus subsection is bordered 

by a bus tie and another bus subsection, a bus tie circuit 

breaker and a bus coupler circuit breaker will be opened to 

20 isolate the respective power system subsection. In a further 

step of the method, operation of the power system is contin­

ued with the remaining bus tie circuit breakers and bus cou­

pler circuit breakers closed. 

25 With such method, a safe operation of the vessel can be 

achieved, which allows the vessel to operate the power system 

with closed bus tie circuit breakers even during risky opera­

tions, e.g. DP2 or DP3 operations. Fuel consumption and CO2 

emissions can thus be reduced. Furthermore, a fast isolation 

30 of the fault is possible while the remaining power system 

stays fully operational after the occurrence of a fault. 

In an embodiment of the method, if the tripping of at least a 

bus tie circuit breaker or a bus coupler circuit breaker 

35 fails, the method may further comprise the tripping of a 

backup protection. The backup protection may comprise at 

least one of a directional over-current protection, a short 

circuit and over-current protection, or a breaker failure 
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protection. The directional over-current protection may in­

clude a directional ground fault protection. 

In a further embodiment, the method may comprise operating at 

5 least two generators, each at reduced load, the load being 

reduced so that if one generator stops supplying electric en­

ergy, the remaining generators are capable of bearing the 

full load. If a power system subsection is now isolated which 

is coupled to an operating generator, the electric power from 

10 the one or more remaining generators is distributed over the 

power distribution bus to the loads, thereby enabling the 

continuation of the operation of the loads. In such configu­

ration, the power system can operate with a minimum number of 

generators running. The power distribution to the different 

15 loads becomes possible since after the occurrence of a fault, 

the bus tie circuit breakers and the bus coupler circuit 

breakers remain closed. Even in a system with three or four 

power system sections, only two generators may need to be 

run, which increases efficiency and decreases fuel consump-

20 tion. 

The method may further comprise the step, after occurrence of 

a fault, of starting a generator, the starting of a generator 

comprising the ramping up of a voltage setpoint by means of 

25 an automatic voltage regulator of the generator while the 

generator circuit breaker and the thruster drive circuit 

breakers remain closed. Using such procedure for the starting 

of a generator achieves a smooth energization of the trans­

former of the thruster drive without high inrush currents. 

30 Full system operability can thus be restored fast and effi­

ciently after the occurrence of a fault. 

Embodiments of the method may be carried out on the fault 

protection system or the power system in any of the configu-

35 rations outlined above. Furthermore, any method steps de­

scribed further above with respect to the fault protection 

system or the power system of the dynamically positioned ves­

sel may be part of embodiments of the method. 
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The features of the embodiments of the invention mentioned 

above and yet to be explained below can be combined with each 

other unless noted to the contrary. 

Brief description of the drawings 

The foregoing and other features and advantages of the inven­

tion will become further apparent from the following detailed 

10 description read in conjunction with the accompanying draw­

ings. In the drawings, like reference numerals refer to like 

elements. 

Figure 1 is a schematic drawing of a power system of a dynam-

15 ically positioned vessel including a fault protection system 

according to an embodiment of the invention. 

Figure 2 is a schematic diagram showing the power system of a 

dynamically positioned vessel of figure 1 in more detail. 

20 

Figure 3 is a schematic diagram showing the switchboards for 

supplying electric power to thruster and generator utilities 

of the power system of figure 1 in more detail. 

25 Figure. 4 is a schematic flow diagram illustrating a method 

according to an embodiment of the invention. 

Detailed description 

In the following, embodiments of the invention will be de­

scribed in detail with reference to the accompanying draw­

ings. It is to be understood that the following description 

of the embodiments is given only for the purpose of illustra-

35 tion and is not to be taken in a limiting sense. 

It should be noted that the drawings are to be regarded as 

being schematic representations only, and elements in the 
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drawings are not necessarily to scale with each other. Ra­

ther, the representation of the various elements is chosen 

such that their function and general purpose become apparent 

to a person skilled in the art. It is also to be understood 

5 that the coupling of physical or functional units as shown in 

the drawings and described hereinafter does not necessarily 

need to be a direct connection of coupling, but may also be 

an indirect connectional or coupling, i.e. a connection or a 

coupling with one or more additional intervening elements, 

10 such as fuses, circuit breakers, transformers or the like. A 

skilled person will further appreciate that the physical or 

functional units illustrated and described herein with re­

spect to the different embodiments do not necessarily need to 

be implemented as physically separate units. One or more 

15 physical or functional blocks or units may be implemented in 

a common circuit, chip, circuit element or unit, while other 

physical or functional blocks or units shown may be imple­

mented in separate circuits, chips, circuit element or units. 

20 Figure 1 shows a power system 10 of a dynamically positioned 

vessel in accordance with an embodiment of the invention. In 

the example of figure 1, the power system 10 is split into 

three power system sections 12, wherein the engines of the 

different power system sections are arranged in different en-

25 gine rooms of the dynamically positioned vessel. The engine 

rooms are separate fire proof and water tight walls 14. 

The power system 10 comprises power sources 20 each compris­

ing a generator 21, and loads coupled to the same power dis-

30 tribution bus 15. The loads comprise the thruster drives 30, 

each of which includes a variable frequency drive 32 for con­

verting the frequency of the supplied AC voltage to a fre­

quency with which the drive is to be operated, and an elec­

tric motor 31 which rotates the propeller of the thruster. 

35 Further loads 10 which may for example include drilling 

drives are connected by the electric connection 51 to the 

power distribution bus 15. Further, a low voltage power dis­



19 

tribution system supplying smaller loads is connected via the 

electric connection 52 to the power distribution bus 15. 

Each power system section 12 comprises a section of the power 

5 distribution bus 15. The bus sections are connected via bus 

ties 17. In the example of figure 1, the power distribution 

bus 15 comprises three sections which are separated by the 

fire and water tight walls 14. In other configurations, fur­

ther sections, e.g. four or even more sections maybe provid-

10 ed, in accordance with the sectioning of the power system. 

The bus sections are connected in a ring configuration via 

the bus ties 17. This is in figure 1 illustrated by the upper 

bus tie 17 which connects the left hand end of the power dis­

tribution bus 15 to the right hand end of the power distribu-

15 tion bus 15. Bus tie circuit breakers 41 are provided at each 

end of the bus tie cable. They can also shortly be termed bus 

tie breakers. It is thus possible to electrically separate 

the bus sections of the power distribution bus 15. If a fault 

occurs in one section of the power system 10, the fault can 

20 accordingly not propagate to other sections of the power sys­

tem 10. In conventional systems, the bus tie breakers 41 re­

main open during high risks operations. 

It thus becomes immediately clear that in each section 12 of 

25 the power system 10, at least one generator 21 needs to be 

running. Each generator will thus run at relatively low load, 

leading to an inefficient operation of the power sources 20 

and thus to an increased fuel consumption. 

30 In the embodiment of figure 1, the bus sections are further­

more separable into bus subsections 16 by means of bus cou­

pler circuit breakers 42. In the example of figure 1 the pow­

er system 10 can thus be separated into 6 power system sub­

sections 11. If a fault occurs in a particular power system 

35 subsection 11, it becomes possible to electrically isolate 

this power system subsection from the remaining power system 

10. Accordingly, only one thruster drive 30 is lost in such 

case, whereas in conventional systems, at least two thruster 
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drives 30 are lost when a power system section 12 becomes in­

operable due to a fault. 

High risk operations, for example in DP2 or DP3 class mode of 

5 operation, require a particular high integrity and operation­

al safety of the power system 10, so that under all circum­

stances, loss of position of the vessel is prevented. This 

means that no single fault should lead to a complete blackout 

of the power system 10, as a consequence of which the thrust-

10 er drives would become inoperable and the vessel would lose 

its position. For this purpose, in conventional systems, the 

power systems sections 12 are completely electrically isolat­

ed, so that if the power system in one section fails, the 

others remain operable, thus ensuring that the vessel keeps 

15 its position with the remaining thrusters. 

In contrast to conventional systems, the power system 10 ac­

cording to the present embodiment is configured to keep the 

bus tie breakers 41 closed during high risk operations. Also, 

20 the bus coupler circuit breakers 42 are closed. The power 

system 10 comprises a fault protection system according to an 

embodiment of the invention, by means of which it is ensured 

that the high integrity and operational safety of power sys­

tem 10 required for high risk operations is achieved. 

The fault protection system has several components which in­

teract and ensure that upon occurrence of a fault, the power 

system 10 stays operational and a loss of position of the 

floating vessel is prevented. 

The fault protection system comprises a fault isolation sys­

tem which is capable of isolating the fault upon occurrence 

within a short period of time, e.g. shorter than 500 ms, 

preferably even shorter than 250 ms. The fault isolation sys-

35 tem uses protection relays for fault detection and fault iso­

lation. Furthermore, besides having primary protection func­

tions, it further comprises backup functions and backups to 

the backup functions in order to make sure that the fault can 
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be isolated fast and efficiently, even if a component should 

fail. The fault isolation system includes the bus tie circuit 

breakers 41, the bus coupler circuit breakers 42, as well as 

the generator circuit breakers 25 and the thruster drive cir-

5 cuit breakers 35. The fault isolation system includes protec­

tion relays for each of these circuit breakers. For the gen­

erators 21, the bus tie cables 17 and the bus couplers, the 

protection relays provide a differential over-current protec­

tion. As an example, the protection relays provided on both 

10 sides of the respective component measure the current flowing 

through the components and, according to predetermined crite­

ria, determine whether a fault exists in the component. If 

so, the protection relays can open the circuit breakers on 

both sides of the respective component, thus electrically 

15 isolating the component. For this purpose, the corresponding 

protection relays can communicate with each other, for exam­

ple via a communication bus provided between the protection 

relays. In such configuration, it is possible to determine 

where the fault is located. As an example, a protection zone 

20 may be defined which includes the component to be protected 

and the circuit breakers coupled thereto, the differential 

protection may then include the determination of the currents 

entering and leaving the respective protection zone. If the 

sum of the currents is not equal to zero, this can indicate a 

25 fault in the protected component. 

For the loads, for example for the thruster drives 30, for 

the feeders 51 for the drilling drive, and for the feeders 52 

for low voltage loads, short circuit and over-current protec-

30 tion is provided. Such type of protection will be generally 

sufficient, since if a short circuit occurs in a load, the 

load will generally draw an excessive current from the power 

distribution bus 15, which is detected by the respective pro­

tection relay, which can trip the associated circuit breaker, 

35 thus electrically isolating the load. 

For the bus subsections and the bus ties, the fault protec­

tion system may comprise one, two or even three backups. One 
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backup protection that may be used in the fault protection 

system is a short circuit and over-current protection. A fur­

ther backup protection that may be used is a directional log­

ical over-current protection. Again, these can be implemented 

5 in the respective protection relays. As an example, if a 

fault occurs at a particular location, for example a ground 

fault, the protection relays will observe a flow of current 

towards the fault location. The protection relay may then de­

termine that in normal operation, no current would flow or 

10 the current would flow in the opposite direction, using its 

directional logic. The protection relay can thus determine 

that a fault exists, and can trip the corresponding circuit 

breaker. As a further backup, a breaker failure protection 

can be implemented in the fault protection system. For exam-

15 pie if a bus tie breaker or a bus coupler circuit breaker 

fails to open, the breaker failure protection, which can be 

implemented in the respective protection relay, can trip the 

next circuit breaker to the left side and to the right side 

of the failed circuit breaker. For a bus tie circuit breaker, 

20 the breaker failure protection may trip the circuit breakers 

on both sides of the bus tie. The protection relays coupled 

to the different circuit breakers may in such situation oper­

ate as master and slave. 

25 Similarly, for the generator circuit breaker 25, backup pro­

tection may be provided in form of short circuit and over -

current protection. As a further backup, a breaker failure 

protection can be provided. As a breaker failure protection, 

the fault protection system may for example trip all circuit 

30 breakers within the respective power system subsection 11 in 

case of a failure of the generator circuit breaker. 

Similarly, for the circuit breakers towards the different 

kinds of loads, for example for the thruster drive circuit 

35 breaker 35, a breaker failure protection may be provided as a 

backup. Again, the breaker failure protection may cause all 

circuit breakers within the respective power system subsec­

tion 11 to trip. Thus, in case the main protection fails, the 
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respective power system subsection 11 becomes isolated from 

the remaining sections and subsections of the power system 

10, thus avoiding a propagation of the fault to other parts 

of the power system 10. 

5 

In case of a fault, individual bus subsections 16 of the pow­

er distribution bus 15 can thus become electrically isolated 

from the remaining bus subsections, for example if the fault 

occurs in a bus tie, or in a subsection of the power distri-

10 bution bus, or if, as a backup, all circuit breakers in the 

particular subsection 11 are opened. The fault protection 

system is now configured to continue operation of the power 

system 10 with the remaining bus tie circuit breakers 41 and 

bus coupler circuit breakers 42 closed. Since the power dis-

15 tribution bus 15 is connected in a ring configuration, the 

remaining subsections 16 of the power distribution bus 15 

thus stay connected, even if one bus subsection 16 is discon­

nected from the bus. 

20 Such configuration of the fault protection system and of the 

power system 10 has several advantages. Since the power sys­

tem 10 provides enhanced fault integrity, it can operate with 

closed bus tie breakers and bus coupler circuit breakers when 

the dynamically positioned vessel is performing high risk op-

25 erations. Thus, it is not required to operate at least one 

generator per power system section 12. The system depicted in 

figure 1 may for example operate with only two generators 21 

running. In case one subsection 11 is isolated from the re­

maining power system 10 due to a fault, only one thruster 

30 drive 30 is lost, and if this subsection 11 does not comprise 

a running generator, full power is maintained on the power 

distribution bus 15. On the other hand, if the subsection 11 

that is to be isolated comprises a running generator, the re­

maining generator can still supply all other thruster drives 

35 with electric power, since the remaining subsections 16 of 

the power distribution bus 15 stay connected. In operation, 

the two running generators 21 may for example operate each at 

50 % load, so that upon loss of one running generator, the 
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remaining generator can take the full load and supply most 

consumers with electric power. 

For achieving the enhanced integrity against faults, the 

5 fault protection system according to the present embodiment 

is furthermore configured to ensure that the operation of 

power system 10 continues after the occurrence of the fault. 

Besides isolating the fault, the fault protection system 

makes sure that the generators and the thruster drives stay 

10 operational. A particular problem is that upon occurrence of 

the fault, there is a significant voltage drop on the power 

distribution bus 15. The magnitude of the voltage drop will 

generally depend on the fault location. 

15 For this purpose, the fault protection system comprises a 

generator ride through system. Each power source 20 comprises 

an automatic voltage regulator (AVR) 22, which provides gen­

erator voltage control. The AVR 22 may for example implement 

a closed loop control system which compares the generator 

20 terminal voltage to a voltage setpoint and adjusts the exci­

tation field current of the generator 21 to keep the output 

voltage of the generator within an operation band. When oper­

ating with connected bus ties 17, a drop in voltage on the 

power distribution bus 15 can cause the AVR to greatly in-

25 crease the excitation current, thus damaging components of 

the exciter. As an example, diodes providing AC to DC conver­

sion for the exciter may take damage, or varistors may take 

damage. To prevent damage, the fault protection system in­

cludes an excitation limiter, which may be comprised in the 

30 AVR 22. The excitation limiter limits the excitation field 

that is provided to the exciter of the generator upon the oc­

currence of a fault. The excitation limiter may for example 

detect the occurrence of a fault by monitoring the voltage at 

the generator terminal or on the power distribution bus 15. 

35 On the other hand, the excitation limiter may be configured 

to detect a field over-current condition, i.e. a too high ex­

citation field current being provided to the generator 21, 

and may as a response ramp down the excitation current to a 



25 

pre-set value, for example between about 95 and 115 % of the 

rated excitation field current. 

The AVR 22 can furthermore be adapted to limit the voltage 

5 overshoot after the occurrence of a fault. This function of 

the AVR 22 may again be part of the fault protection system 

according to the present embodiment. As mentioned above, when 

a fault occurs, there will generally be a drop in voltage on 

the power distribution bus 15. Accordingly, load on the run-

10 ning generators will be increased, as they have to provide 

the short circuit current caused by the fault. Consequently, 

the frequency of the AC voltage on power distribution bus 15 

will also drop. The AVR 22 can be configured to detect the 

fault by either the drop of voltage or the drop in frequency 

15 at the generator terminal or on the power distribution bus 

15. The AVR 22 will now try to maintain the specified operat­

ing voltage on power distribution bus 15 by increasing the 

output voltage of generator 21. This can lead to a quite sig­

nificant voltage overshoot after the fault is cleared. The 

20 AVR 22 can now be configured to limit this overshoot by lim­

iting the voltage setpoint for the generator 21 upon detec­

tion of a fault. After the fault is cleared, the voltage 

setpoint can be ramped back to the operating voltage setpoint 

within a predetermined time frame. This way, the voltage on 

25 the power distribution bus 15 can return to the operating 

voltage without significant voltage overshoot. 

This is particularly important in the power system 10 which 

operates with closed bus ties 17, as a voltage overshoot can 

30 cause several consumers to trip, i.e. to become disconnected 

from the power system 10 due to overvoltage. In consequence, 

loss of function would result which can endanger the vessel. 

By avoiding the voltage overshoot after fault, tripping of 

these components can be prevented, and thus the propagation 

35 of the fault to other sections of power system 10. 

The excitation limiter provided in AVR 22 may also be termed 

over excitation limiter. The fault protection system may fur­
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thermore comprise an under excitation limiter within the AVR 

22. When a running generator is parallel to one or more other 

generators determining the voltage on power distribution bus 

15, changing, e.g. increasing or decreasing the excitation, 

5 can provide power factor control, i.e. the generator will 

consume or produce reactive power. Equipment failure may re­

quire such generator to operate in an under excited condition 

to absorb reactive power from the power system. Also, if an 

AVR fails in another generator, this generator could be driv-

10 en into an over excited condition and thus could start to 

create excess reactive power. This would need to be absorbed 

by the other running generators. These may thus be driven in­

to an under excited operation condition. This may lead to ex­

cessive core-end heating, power system instability or an op-

15 erating voltage outside the allowable limit in the affected 

generators. The under excitation limiter is configured to 

limit the reactive power inflow into the generator. Effec­

tively, this is done by the under excitation limiter inter­

acting with the AVR to increase the terminal voltage until 

20 reactive power inflow is reduced below the setting. Conse­

quently, damage to the further running generators and loss of 

further generators may thus be prevented. 

The fault protection system furthermore comprises a thruster 

25 drive ride through system 33. When the power system 10 is op­

erating with closed bus ties 17, the voltage drop on the pow­

er distribution bus 15 in case of a fault can result in the 

thruster drives 30 becoming inoperable and requiring a re­

start. This can in particular be caused by the capacitors of 

30 the variable frequency drive (VFD) 32 which will discharge 

when the supply voltage provided via the power distribution 

bus 15 drops or goes to zero. The variable frequency drive 32 

may for example comprise a rectifier stage, an intermediate 

DC bus and an inverter stage which provides AC voltage at 

35 variable frequency to the electric AC motors 31. The DC bus 

is coupled to a capacitor bank which is provided for filter­

ing the DC bus voltage and providing a stable DC source for 

the inverter section. When the input power into the VFD 32 
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drops, the only source of power available to run the electric 

AC motor 31 is the energy stored in the DC bus capacitor 

bank, which will thus immediately discharge. Once the capaci­

tor banks reach the discharged state, the VFD can not be eas-

5 ily restarted, as a sudden application of power to the VFD 32 

would lead to excessive inrush currents, which can affect 

other parts of the power system 10, i.e. may for example trip 

generators. Accordingly a full restart of the thruster drive 

system 30 would be required, in which the capacitor banks are 

10 slowly charged. This can take 10 seconds or even more, in 

which the vessel would loose position and could not be 

steered. This would be particularly dangerous in high risk 

situations. 

15 The thruster drive ride through system 33 may be provided in 

a controller of the VFD, as in the example of Fig. 1. The 

thruster ride through system 33 now provides electric energy 

to the DC bus of the VFD 32 upon occurrence of a fault. The 

voltage on the DC bus is thus maintained above a predeter-

20 mined voltage threshold, thus preventing the discharging of 

the capacitors or capacitor banks for a certain amount of 

time. The voltage threshold may for example be about 80 % of 

the DC bus operating voltage, but it may be set higher or 

lower values, depending on the particular configuration. 

25 

The thruster drive ride through system may for example use 

kinetic buffering for providing the electric power to the DC 

bus. In the propeller of the thruster drive, kinetic energy 

is stored. The rotating propeller is a large spinning mass 

30 with relatively little friction. The thruster drive ride 

through system detects the voltage on the DC bus. If the DC 

bus voltage drops, the thruster drive ride through system re­

sponds by slightly decreasing the output frequency of the in­

verter of the VFD. This causes a regenerative condition in 

35 which the AC electric motor 31, which is still rotating due 

to the kinetic energy of the propeller, starts producing an 

AC voltage. In this so called "regenerative condition" the AC 

voltage produced by electric motor 31 is then rectified by 
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the inverter stage of the VFD 32, i.e. by the anti-parallel 

or free-reeling diodes which are in parallel with each IGBT 

transistor in the inverter section. The diodes act as a full 

wave three-phase bridge and convert the generated AC voltage 

5 into a DC voltage, which is then used to maintain the voltage 

on a DC bus above the defined voltage threshold. The output 

frequency of the inverter stage can be lowered as needed to 

regenerate and convert the stored kinetic energy into elec­

tric energy for keeping the DC bus above the voltage thresh-

10 old, i.e. to make the VFD "stay alive". The thruster drive 

ride through system can be configured to perform kinetic en­

ergy recovery until the motor reaches a rotational speed of 

zero RPM. During the whole time, motor and VFD 32 stay con­

nected and operational, and the DC bus voltage is maintained. 

15 A very quick and smooth restart of the thruster drive 30 can 

thus be achieved when the power on the power distribution bus 

15 is restored. Generally, isolation of the fault and recov­

ery of the power on power distribution bus 15 may be faster 

than one second, generally faster than 500 ms or even than 

20 250 ms. The kinetic buffering provided by the thruster drive 

ride through system can be on the order of 1-3 seconds. Ac­

cordingly, the thruster drive 30 can be kept alive over the 

whole time of the blackout. 

25 Thus, by means of the fault isolation system, the generator 

ride through system and the thruster drive ride through sys­

tem forming part of the fault protection system, it is possi­

ble to operate the power system with closed bus ties and 

closed bus coupler circuit breakers, and to keep these cir-

30 cuit breakers of the unaffected subsections of the power sys­

tem closed upon occurrence of a fault. The fault isolation 

system quickly isolates the fault, while the generator ride 

through system and the thruster drive ride through system 

make sure that the generator continuous operation and contin-

35 ues to supply electric power to the power distribution bus 15 

and to the thruster drives 30 after isolation of the fault. 

Power is thus immediately restored after isolation of the 

fault, and the thruster drives can immediately continue to 
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operate after fault isolation, and can keep the vessel in po­

sition . 

In the example of figure 1, even if a power system subsection 

5 11 which comprises one of two running generator becomes iso­

lated from the remaining power system 10 due to a fault, the 

further single generator which is running can supply all five 

remaining thruster drives via the remaining sections of power 

distribution bus 15, since a) the circuit breakers 41, 42 of 

10 the unaffected subsections remain closed, b) the power dis­

tribution bus 15 is provided in a ring configuration and c) 

the generator 21 and the thruster drives 30 stay operational. 

It should be clear that the power system and the fault pro-

15 tection system described above with respect to figure 1 are 

only exemplary embodiments of the invention, and that other 

embodiments may configured differently. 

As an example, the power system 10 may comprise further or 

20 fewer power system sections 12, or further or fewer power 

system subsections 11, with the corresponding number of bus 

subsections 16. The thruster drive ride through system may 

for example be implemented differently, e.g. by providing a 

power storage device connected to the DC bus of the respec-

25 tive VFD for maintaining the predefined voltage level on the 

DC bus. Such power storage device may for example include a 

battery or a capacitor bank or the like. Also, it should be 

clear that the partitioning and arrangement of the components 

is only schematic for the purpose of illustrating their func-

30 tion, and that they may be implemented physically in form of 

different units or at different positions. As an example, the 

VFD controller 33 may be substituted by a common VFD control­

ler located spaced apart from the VFDs 32. The bus subsec­

tions 16 may be provided in form of bus bars. The protection 

35 relays and associated circuit breakers 41, 42, 25, 35, ... may 

for example be provided in switchboards, with the switch 

boards belonging to different sections 12 of the power system 

10 being located in different rooms separated by fire proof 
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walls. Also, additional components may be present, for exam­

ple a thruster drive transformer coupled between the VFD 32 

and the circuit breaker 35. 

5 This is for example illustrated in more detail in figure 2. 

Figure 2 shows the same embodiment of the power system 10 as 

figure 1, with the focus on particular components of the pow­

er system 10. For the purpose of clarity, the remaining com­

ponents that were already explained with respect to figure 1 

10 were not again designated by reference numerals in figure 2. 

In figure 2, the doted line highlights a power system subsec­

tion 11 which may become isolated upon occurrence of a fault 

in this power system subsection. The circuit breakers desig­

nated by the reference numerals 41 and 42 are opened to iso­

late the power system subsection 11. Two generators that are 

operating are encircled by a line. Accordingly, upon isola­

tion of subsection 11, the generator 1 continues to supply 

electric power to the remaining subsections of power system 

10. 

That a generator is operating means that a prime mover is ac­

tually moving the generator. A prime mover will generally be 

an engine, such as a diesel engine or a gas turbine. Power 

output of the prime mover can be adjusted be means of a gov­

ernor (not shown), which adjusts the power output in accord­

ance with the active power demand. When the load on the run­

ning generator 1 increases due to the fault and the isolation 

of subsection 11, the prime mover of generator 1 is required 

to provide a higher power output, which results in signifi­

cant torque changes. This can be reduced by means of the AVR 

of the generator implementing the excitation limiter and the 

voltage overshoot prevention. 

35 Reference numeral 7 0 designates a power management system 

(PMS) which communicates with the different subsections 11 of 

the power system 10. The circuit breakers and protection re­

lays may for example be provided in switchboards which the 

15 

20 

25 

30 



31 

PMS 70 interfaces, e.g. by redundant serial communication. 

PMS 70 may furthermore interface the power supply systems 70 

including the generators 21. The power management system 70 

may for example issue commands comprising the starting of a 

5 generator or the stopping of a generator, the opening or the 

closing of a circuit breaker and the like. The PMS 70 may 

perform various power management functions, including the 

starting of a new generator when required, for example due to 

an increase in load or due to the loss of a generator after 

10 the occurrence of a fault. For this purpose, power sensors 

from each generator may be interfacing the PMS 70, and the 

PMS may furthermore obtain information about the currently 

connected load. On the other hand, it may determine the load 

from the current power output of each generator. PMS 7 0 may 

15 now for example perform a load dependent start/stop of en­

gines and generators, a fault dependent start/stop of engines 

and generators, a selection of the operational mode of the 

power system, e.g. DP2 or DP3 with closed bus tie circuit 

breakers, and the like. It may selectively isolate a section 

20 or subsection of the power system, or perform a reconnection 

of the main ring, i.e. the power distribution bus 15. PMS 70 

may for this purpose also comprise a HMI (human machine in­

terface) , via which an operator may monitor the power system 

and may be alarmed of certain situations, such as a fault. 

25 

Figure 2 furthermore illustrates a thruster drive transformer 

34 which steps down the AC voltage provided on the power dis­

tribution bus 15. The AC voltage on power distribution bus 15 

may be within a medium voltage range, for example between 

30 about 5000 and about 30000 Volt, for example at 11000 Volt. 

Transformer 34 may for example step this voltage down to 

about 3 to 8kV, e.g. 5000 or 6000 Volt. The output voltage of 

transformer 34 depends on the type of electric AC motor 31 

used in the respective thruster drive. 

35 

Although in the figures, only single electric connections are 

shown, it should be clear that the power system 10 is a 

three-phase power system, i.e. three-phase AC power may be 
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provided at the generator outputs, and the power distribution 

bus 15 comprises bus bars for each phase of the three phase 

AC electric power. The thruster drive transformer 34 compris­

es one primary winding which accordingly has three windings, 

5 one for each phase, which are in the example of figure 2 con­

nected in a delta configuration. Transformer 34 furthermore 

comprises two secondary windings, each again for the three 

phases, wherein in one winding, the three phases are connect­

ed in a delta configuration and in the other winding in a 

10 star or Y-configuration. Consequently, there will be a phase 

shift in the three phase AC electric power that is output by 

the two different secondary windings. Both generator outputs 

are provided to the variable frequency drive 32, which can 

thus produce a DC voltage on the intermediate DC bus having 

15 reduced harmonic distortions. 

In the present embodiment, the transformer 34 has a fourth 

winding 36, i.e. a third secondary winding. The power system 

10 further comprises an electric connection 37 from the 

20 fourth winding 36 to a thruster utilities and/or engine sup­

port switch board. The thruster utilities switchboard pro­

vides electric power to utilities of the thruster drive 30 

which are necessary to operate the thruster drive. The engine 

support switch board provides electric power to utilities of 

25 the engine which drives the respective generator, i.e. to the 

prime mover of the generator. By having these switchboards 

powered from a fourth winding 36 of the transformer 34, it is 

not necessary to provide an additional transformer, thus sav­

ing costs, weight and space. Furthermore, all the utilities 

30 of the thruster drive and of the engine of the generator of a 

particular power system subsection 11 are directly powered 

from the respective power distribution bus subsection. Ac­

cordingly, if a power system subsection 11 becomes isolated, 

e.g. when opening the respective bus tie breakers and bus 

35 coupler circuit breakers, the subsection 11 remains fully 

functional as an isolated island which can continue to oper­

ate both, the generator and the thruster drive. If a fault 

should for example cause a whole section 12 of the power sys­
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tem 10 to become isolated from the remaining sections, one 

subsection 11 in which the fault occurs can be inoperable and 

be isolated from the remaining subsection 11, which as an 

isolated island can still continue to operate. Accordingly, 

5 operational safety is enhanced, and the loss of thruster 

drives upon occurrence of a fault can be kept small. 

This is in more detail depicted in figure 3 for a single sec­

tion 12 of the power system 10. Figure 3 shows the thruster 

10 utilities switchboard 38 and the engine support switchboard 

39, both being coupled to the fourth winding 36 of transform­

er 34. Thruster utilities switchboard 38 may for example pow­

er components such as a seawater cooling pump, a fresh water 

cooling pump, a thruster hydraulic pump, thruster lube oil 

15 pump or the like. The engine support switchboard 39 may for 

example power a generator lube oil pump, a diesel generator 

lube oil pump, a diesel generator pre-heater feeder, engine 

room supply and extract fans or the like. 

20 The power system 10 may furthermore comprise an uninterrupta-

ble power supply 60 which is provided for each subsection 11 

of the power system. In the example of figure 3, the uninter-

ruptable power supply (UPS) 60 is coupled to both, the 

thruster utilities switchboard and the engine support switch-

25 board 38, 39. The UPS 60 may for example comprise a battery 

which can supply electric power to both switchboards in case 

of a failure of the main power supply. Accordingly, both the 

generator and the thruster of the respective power system 

subsection 11 can stay operational, even if the main power 

30 supply is temporarily interrupted due to a fault. Again, this 

ensures a fast recovery after the occurrence and isolation of 

a fault. 

The fault protection system furthermore comprises an electric 

35 interlinked connection 61 between the UPS 60 of one power 

system subsection 11 and the switchboards 38, 39 of a differ­

ent power system subsection 11. Thus, each of the switch­

boards 38, 39 is effectively coupled to two UPSs. Redundant 
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UPSs are thus provided, thereby enhancing the operational re­

liability of the engine and thruster utilities. Also, the 

coupling to two different UPSs may be used to prolong the 

time over which the respective utilities can be operated 

5 without primary power. 

It has to be noted that the electric interlinked connection 

61 is of such nature that the switchboards 38, 39 of differ­

ent power system subsections 11 remain isolated from each 

10 other, so that a fault can not propagate through these sec­

tions. This can be achieved by means of the coupling as il­

lustrated in UPS 60. In Fig. 3, the battery or the capacitor 

bank of UPS 60 is not explicitly shown, but the connection 

thereto is indicated. 

15 

Please note that figure 3 illustrates a particular configura­

tion of the power system 10 which is shown in the figures 1 

and 2, so that the explanations given further above with re­

spect to figures 1 and 2 are equally applicable to power sys-

20 tem 10 of figure 3. 

Figure 4 shows a flow diagram of a method in accordance with 

an embodiment of the invention which may be performed on any 

of the above described embodiments of the power system 10 in-

25 eluding the fault protection system. In step 101, the power 

system of the dynamically positioned vessel is operated dur­

ing a high risk operation in a DP2 or DP3 class mode of oper­

ation, with the bus tie breakers being closed. In step 102, a 

fault occurs in the power system. In step 103, the fault is 

30 identified, e.g. by means of the protection relays. Circuit 

breakers are opened to isolate the respective component, or 

are opened to isolate the respective power system subsection 

11 in which the fault occurred. Fault isolation may occur 

e.g. within 150 ms, for example within about 140 ms for a 

35 fault in a thruster drive (over-current protection) and about 

100 ms for a fault on a bus bar of the power distribution bus 

15 (differential protection) . 
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In decision step 104, it is checked whether the fault is 

still present after trying to isolate it in step 103. If the 

fault is still present, a backup protection is tripped in 

step 105. As mentioned above, this may for example be a short 

5 circuit or over-current protection. If after tripping the 

backup protection, the fault is still present (decision step 

106), all circuit breakers in the respective power system 

subsection 11 are opened as a further backup (step 107), e.g. 

by the above mentioned breaker failure protection. Generally, 

10 step 107 should be completed within less than 500, preferably 

within less than 250 ms after occurrence of the fault. Note 

that this is only an exemplary method of clearing the fault, 

and modified or more complex methods may be used. 

15 Parallel to the isolation of the fault by the above measures, 

steps 108 to 110 are performed, which ensure that the power 

system 10 stays operational. In step 108, generator ride 

through protection is performed by preventing excess excita­

tion field currents to be caused by the AVR of the generator 

20 that is currently operational. In step 109, thruster drive 

ride through protection is performed by preventing a voltage 

drop on the DC bus of the thruster VFD in any of the manners 

described further above. Conseguently, both the running gen­

erators as well as the thruster drives stay operational. Fur-

25 thermore, step 110 provides voltage overshoot limitation af­

ter the fault is cleared by reducing the voltage setpoint for 

the generator in the above described manner. High inrush cur­

rents, high torque variations on the prime mover and the 

tripping of further loads can thus be prevented. 

30 

The circuit breakers in the remaining power system subsec­

tions 11 remain closed during the fault and after clearance 

of the fault (step 111). Operation is continued. If neces­

sary, additional generators and associated engines are start-

35 ed to provide enough electric power on the power distribution 

bus 15 (step 112). This may for example be necessary if a 

running generator is located within the power system subsec­

tion 11 that became isolated when clearing the fault. 
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As can be seen from the above description, the power system 

and the fault protection system according to embodiments of 

the invention provide an operational safety and protection 

5 against faults that makes the system capable of operating 

with closed bus ties even during high risk operations. The 

occurrence of a single fault in the power system will not 

lead to a blackout of the power system, and both, generators 

and thrusters, remain operational, so that position keeping 

10 of the dynamically positioned vessel is maintained. Embodi­

ments of the invention thus provide enhanced power system in­

tegrity to faults and a reduced risk of blackout of a whole 

section, since sections are subdivided into subsections. The 

risk of a total blackout can also be reduced due to the pro-

15 tection scheme and the use of control functionalities by the 

fault protection system. The enhanced vessel integrity to 

faults which affect the position keeping enable the operation 

with closed bus tie breakers in all operational modes, such 

as DP2 and DP3. This results in reduced fuel costs and a re-

20 duced emission of combustion gasses, such as C02. Further­

more, fewer generators need to be run, resulting in reduced 

operating hours and maintenance costs for engines and genera­

tors. Also, servicing is facilitated, since it is possible to 

completely shut down the engines and generators of a particu-

25 lar section, and thus perform service without having engines 

operating in the same engine room. Voltage overshoot preven­

tion and the UPS furthermore result in a reduced risk to 

loose essential consumers after the occurrence of a fault. 

30 While specific embodiments are disclosed herein, various 

changes and modifications can be made without departing from 

the scope of the invention. The present embodiments are to be 

considered in all respects as illustrative and non restric­

tive, and all changes coming within the meaning and equiva-

35 lency range of the appended claims are intended to be em­

braced therein. 
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Claims 

1. A fault protection system of a power system of a dynami­

cally positioned vessel, wherein the power system (10) is 

5 separated into two or more power system sections (12) each 

comprising a bus section of a power distribution bus (15), 

wherein the bus sections are connected by bus ties (17) in a 

ring configuration, and wherein each power system section 

(12) comprises two or more power system subsections (11) each 

10 comprising a bus subsection (16) of the power distribution 

bus (15), the bus subsections (11) of the same power system 

section (12) being connected by one or more bus couplers, 

wherein each bus section comprises a connection to a genera­

tor (21) and a connection to a thruster drive (30) of the dy-

15 namically positioned vessel, wherein the fault protection 

system comprises 

a fault isolation system including for each power system 

section (12) a bus tie circuit breaker (41) for breaking 

20 the connection provided by the bus tie (17) and one or 

more bus coupler circuit breakers (42) for breaking the 

connection provided by the one or more bus couplers, the 

fault isolation system being configured to implement a 

differential over-current protection scheme for operat-

25 ing at least the bus tie circuit breaker (41) and the 

bus coupler circuit breaker (42), 

a generator ride through system comprising for each pow­

er system section (12) an excitation limiter for the 

30 generator (21) coupled to the respective bus section, 

the generator ride through system being adapted to limit 

the excitation field current provided to the generator 

(21) upon occurrence of a fault, 

35 a thruster drive ride through system configured to pro­

vide electric energy to a DC bus of a variable frequency 

drive (32) of the thruster drive (30) of each power sys­

tem section (12) upon occurrence of a fault so as to 
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maintain the voltage on the DC bus above a predetermined 

voltage threshold, 

wherein the fault protection system is configured, upon the 

5 occurrence of a fault in the power system (10), to isolate 

the fault by tripping the component of the power system (10) 

in which the fault occurred and/or by opening one or more 

circuit breakers (41, 42, 25, 35) in the power system subsec­

tion (11) in which the fault is located, and to continue op-

10 eration of the power system with the remaining bus tie cir­

cuit breakers (41) and bus coupler circuit breakers (42) 

closed. 

2. The fault protection system according to claim 1, wherein 

15 the fault isolation system is configured to implement a dif­

ferential over-current protection and/or a directional over-

current protection against faults for at least the bus ties 

(17) and the bus subsections (16). 

20 3. The fault protection system according to claim 2, wherein 

the fault isolation system comprises protection relays for 

operating at least the bus tie circuit breakers (41) and the 

bus coupler circuit breakers (42), the protection relays im­

plementing the differential over-current protection and/or 

25 the directional over-current protection for the bus ties (17) 

and the bus subsections (16). 

4. The fault protection system according to claim 2 or 3, 

wherein the fault isolation system is further configured to 

30 implement a short circuit and over-current protection as a 

back-up by means of at least the bus tie circuit breakers 

(41) and the bus coupler circuit breakers (42). 

5. The fault protection system according to any of the pre-

35 ceding claims, wherein the fault isolation system further 

comprises for each power system section (12), preferably for 

each power system subsection (11), a generator circuit break­

er (25) for breaking the connection to the generator (21) and 
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a thruster drive circuit breaker (35) for breaking the con­

nection to the thruster drive (30). 

6. The fault protection system according to any of the pre-

5 ceding claims, further comprising an automatic voltage regu­

lator (22) containing the excitation limiter, the automatic 

voltage regulator (22) being adapted to automatically adjust 

the voltage provided by the respective generator (21) to keep 

the voltage within an operation band. 

7. The fault protection system according to claim 6, wherein 

the automatic voltage regulator (22) is adapted to detect the 

occurrence of a fault by detecting a drop in the voltage at 

the generator output or at the power distribution bus (15), 

15 the automatic voltage regulator (22) being adapted to de­

crease a voltage setpoint for the generator (21) after the 

detection of a fault and to control the output voltage of the 

generator in accordance with the reduced voltage setpoint, so 

as to limit voltage overshoot after the occurrence of a 

20 fault. 

8. The fault protection system according to any of the pre­

ceding claims, wherein the thruster drive ride through system 

comprises a variable frequency drive controller (33) for the 

25 variable frequency drive (32) of each thruster drive (30), 

the variable frequency drive controller (33) being adapted to 

decrease the output frequency of the respective variable fre­

quency drive (32) upon a drop in voltage on the DC bus of the 

variable frequency drive, thereby causing the variable fre-

30 quency drive to operate in a generating condition in which 

electric energy is generated by an electric motor (31) of the 

thruster drive and is fed back to the DC bus to maintain the 

voltage on the DC bus above the voltage threshold. 

35 9. The fault protection system according to any of the pre­

ceding claims, wherein the thruster drive ride through system 

comprises a power storage device, such as a battery, which is 

coupled to the DC bus of the variable frequency drive, the 
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power storage device being adapted to supply electric power 

to the DC bus in case of a drop of voltage on the DC bus in 

order to maintain the voltage on the DC bus above the voltage 

threshold. 

10. The fault protection system according to any of the pre­

ceding claims, wherein the power system further comprises for 

each power system subsection a connection to a thruster 

utilities switchboard (38) electrically coupled to the gener-

10 ator (21) of the respective power system subsection (11) for 

providing electric power to utilities of the thruster drive 

(30), and a connection to an engine support switchboard (39) 

electrically coupled to the generator (21) of the respective 

power system subsection (11) for providing electric power to 

15 utilities of the engine operating the generator (21) of the 

power system subsection (11), 

the fault protection system further comprising for each power 

system subsection (11) a circuit breaker for breaking the 

connection to the thruster utilities switchboard (38) and the 

20 engine support switchboard (39) . 

11. The fault protection system according to claim 10, fur­

ther comprising an uninterruptable power supply (60) for each 

power system subsection (11) , the uninterruptable power sup-

25 ply being coupled to the thruster utilities switchboard (38) 

and/or the engine support switchboard (39) . 

12. The fault protection system according to claim 11, fur­

ther comprising an electric interlink connection (61) from 

30 the thruster utilities switchboard (38) or the engine support 

switchboard (39) of one power system subsection to the unin­

terruptible power supply of another power system subsection. 

13. A power system of a dynamically positioned vessel, com-

35 prising a fault detection system according to any of claims 

1-12. 
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14. The power system according to claim 13, further compris­

ing for each power system subsection a connection to a 

thruster utilities switchboard (38) for providing electric 

power to utilities of the thruster drive (30), and a connec-

5 tion to an engine support switchboard (39) for providing 

electric power to utilities of the engine operating the gen­

erator (21) of the power system subsection (11), 

the power system further comprising a transformer (34) for 

each power system subsection (11) connected to the respective 

10 bus subsection (16), the transformer providing electric power 

to a respective thruster drive (30) coupled to the bus sub­

section (16), wherein the transformer (34) comprises an addi­

tional secondary winding (36) electrically coupled to the 

thruster utilities switchboard (38) and the engine support 

15 switchboard (39) of the power system subsection (11) for 

providing electric power to both switchboards (38, 39). 

15. A method of operating a fault protection system, wherein 

the fault protection system is configured according to any of 

20 claims 1-12, the method comprising the steps of 

detecting a fault in the power system (10), 

localizing the fault in the power system (10), 

electrically isolating the component in which the fault 

25 occurred from the remaining power system by opening a 

circuit breaker (41, 42, 25, 35) coupled to the compo­

nent or isolating the power system subsection (11) in 

which the fault occurred from the remaining power system 

by opening bus tie (41) and/or bus coupler circuit 

30 breakers (42) of the respective bus subsection (11), and 

continuing operation of the power system (10) with the 

remaining bus tie circuit breakers (41) and bus coupler 

circuit breakers (42) closed. 

35 


