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DESCRIPTION

[0001] The present invention relates to an electrical power system for a subsea system. The invention also relates to a method
for operating at least one electrical load, e.g. an electrical motor, in a subsea application. Furthermore the invention also relates
to a subsea remotely operated vehicle.

[0002] A subsea system may be for example a subsea oil field installation or a subsea remotely operated vehicle (ROV).
Remotely operated vehicles (ROVs) are mostly unmanned and are used extensively for the inspection and maintenance of
subsea oll field installations. Subsea systems may also be employed for seabed mining. Subsea installations for subsea oil field or
other submarine applications, in particular applications involved with the exploration of subsea resources, may be fed by a
possibly large umbilical which usually contains one or more power supply cables and at least one control cable. Subsea systems
and ROVs in particular are usually powered by high voltage electricity or by hydraulic oil.

[0003] Electrical components of the subsea system have to be isolated and protected against sea water and pressure at deep
sea levels. Therefore known subsea systems may comprise a vessel pressurised at 1 atmosphere. The housing of such
pressurised vessels is often very heavy weight and thus limiting the manoeuvrability of the subsea system. Reducing the weight of
the housing in existing systems may lead to less protection and increased likelihood of damages. Such risks increase when the
subsea system is operating in deep waters or at altering depths.

[0004] From patent application WO 2004/055950 A1 a devide for feedthrough of an electrical conductor from one area to
another area is known that may be operated in sea water and where the two areas are preferably at different pressures.

[0005] Afirst housing is discussed providing pressure compensation to ensure that a fluid in the first housing is at all times under
the same pressure as the ambient pressure. Furthermore a second housing is disclosed filled with nitrogen to protect electronic
components.

[0006] It is an object of the present invention to provide an electrical power system for a subsea system which avoids or reduces
the disadvantages of the prior art and increases the manoeuvrability and operational flexibility of a subsea system with an
electrical power system.

[0007] According to the present invention this is achieved by an electrical power system for a subsea system comprising at least
one subsea power distribution system receiving power from a power source, said subsea power distribution system comprising at
least one electrical functional component, and at least one connecting member for at least one electrical load, e.g. a propulsion
system or a motor for subsea operation, wherein an external pressurised casing is provided for the subsea power distribution
system, and wherein at least one internal pressurised casing is provided for the at least one electrical functional component. This
arrangement increases the ease of handling, enables a low weight design of the subsea system and facilitates a higher degree of
standardisation of the modules of the subsea system and of the electrical power system. According to the invention two-stage
pressure compensation is possible.

[0008] Advantageously the subsea power distribution system may comprise a plurality of electrical functional components and at
least one internal pressurised casing may be provided for pressurising at least one electrical functional component or at least one
of its parts.

[0009] Advantageously the at least one internal pressurised casing may be fluidised.

[0010] In order to provide further protection for the electrical functional components the at least one internal pressurised casing
may be at least partly filled with a liquid.

[0011] In order to minimize thermal losses and at the same time provide efficient pressure compensation the at least one internal
pressurised casing may be at least partly filled with oil or a liquid substance with oil as one of its components.

[0012] Advantageously the external pressurised casing may be at least partly filled with a gas or a mixture of gases. This may be
particularly favourable for shallow water use.

[0013] Advantageously the external pressurised casing may be at least partly filled with nitrogen.

[0014] The internal pressurised casing of the electrical functional components results as especially advantageous if at least on
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electrical functional component comprises semi-conductor elements.

[0015] Advantageously at least one electrical functional component comprising semi-conductor elements may be a
cycloconverter.

[0016] Advantageously at least one semi-conductor element may be a thyristor.

[0017] Advantageously one electrical functional component comprising semi-conductor elements, said electrical functional
component being arranged within an internal pressurised casing, may be provided for each connecting member of the subsea
system.

[0018] Advantageously at least one electrical functional component comprising semi-conductor elements, said electrical
functional component being arranged within an internal pressurised casing may be provided for connection to the power source.

[0019] Advantageously at least one connecting member for at least one electrical load may be a subsea plug.
[0020] Advantageously the subsea power distribution system may be static.

[0021] Advantageously the electrical power system may comprise a subsea electrical power system according to the invention or
according to one or more of its embodiments, at least one topside converter providing an output frequency of at least 100 Hz to
be transmitted to the subsea system and at least one cable for power transmission to the subsea system, said cable being
connected to the topside converter and said cable being connected to the subsea system. By using high frequency power
transmission to the subsea system, weight and inductance of the power transmission cable may be significantly reduced.
Furthermore the space consumption and weight of the electrical equipment used within subsea may also be reduced, in particular
the use of more light weighted and smaller transformers is enabled. Manoeuvrability and operational flexbility of the subsea
system may be increased by using high frequency power transmission.

[0022] Advantageously the output frequency of the converter may be at least 200 Hz.
[0023] Advantageously the output frequency of the converter may be at least 300 Hz.
[0024] Advantageously the output frequency of the converter may be at least 380 Hz.

[0025] The present invention also provides a method for operating at least one electrical load in a subsea application using an
electrical power system according to the invention or according to one of its embodiments for power transmission to a subsea
power distribution system.

[0026] The present invention also provides a subsea remotely operated vehicle (ROV) with an electrical power system according
to the invention or according to one or more of its embodiments with at least one electrical load being a propulsion system for the
subsea remotely operated vehicle, said propulsion system receiving power from the subsea power distribution system.

[0027] Further preferred features, details and advantages of the invention will now be described by way of example with
reference to the accompanying drawing, in which:

FIG 1 is a schematic view of an electrical power system for a subsea system.

[0028] FIG 1 shows in schematical view an electrical power system for a subsea system 10. The subsea system itself is shown in
an abstract, schematical view. This view is focused on the overall electrical design and is not intended to be comprehensive.

[0029] The subsea system 10 may be a remote operated vehicle (ROV) for subsea operation. Such ROVs are usually unmanned
and may be built capable to operate in shallow and in deep water with water depths deeper than 1000 meter and up to 3000
meter, 5000 meter and more. The subsea system 10 comprises or may be connected to at least one electrical load 7. In the
example shown the electrical loads 7 are electrical motors. Such electrical motors may be used for propulsion of the subsea
system and/or for manipulators and/or controllers for subsea applications.

[0030] The electrical power system of the subsea system 10 comprises a power distribution system 5. The subsea power
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distribution system 5 comprises electrical functional elements 6, preferably at the input side and/or at the output side of the power
distribution system 5. In order to provide a connection, which is safe in operation under submarine conditions, subsea plugs 8 are
used as connecting members for connecting the electrical loads 7 to the subsea power distribution system 5 and to the electrical
functional elements 6.

[0031] The subsea system 10 may be stationary or mobile. The subsea electrical power system of the subsea system 10 may be
connected to electrical loads 7, which are mechanically attached to or that form at least temporarily part of the subsea system 10.
The subsea electrical power system of the subsea system 10 may also be connected to electrical loads 7, which are part of other
stationary or mobile subsea installations. It is possible that the electrical loads 7 may be connected and/or disconnected from the
power distribution system 5. Electrical loads 7 may operate in pump systems, such as booster pumps or water injection pumps,
which may be used in oil field or mining applications on the sea bed.

[0032] Power for the subsea system 10, e.g. an oil field subsea installation or a ROV, is fed from a top side power system 3 using
at least one cable 9. The top side power system 3 is usually located above sea-level 11. The top side power system 3 may also
be located at about sea-level 11 or at least partly below sea-level 11. The top side power system 3 may comprise a shore-sea
cable, which is not specifically shown in FIG 1, and/or one or more generators 1. The top side power system 3 may be located on
a platform. The top side power system usually operates at a frequency of about 50 Hz or about 60 Hz.

[0033] In the embodiment shown by way of example, at least one converter 2 is provided between the top side power system 3
and the at least one power cable 9 for transmitting power for the subsea system 10. The converter 2 is preferably a high
frequency converter which is designed to convert the lower frequency power of the power system 3 to a high frequency, for
example to a frequency within the range of about 100 Hz to about 400 Hz. The cable 9 is designed for high frequency power
transmission from a top side power system 3 to a subsea system 10. One or more power transmission cables 9 may be arranged
in an umbilical connecting the subsea system 10 and its power distribution system 5 to a top side installation. A top side
installation may be for example a platform, a vessel or a shore-sea cable. Said umbilical may also comprise one or more control
cables for one or more subsea system 10 and/or connected loads 7.

[0034] At the top side of the at least one cable 9, a transformer 4a may be provided. At least one transformer 4b may also be
provided at the subsea side. When high frequency power transmission to the subsea system 10 is used, the transformer 4b,
which is comprised by the subsea system 10 may be considerably lighter than transformers that were previously being used for
subsea systems 10.

[0035] Electrical functional elements 6 may be arranged between the power distribution system 5 and the connection to a power
source, e.g. the top side power system 3. Electrical functional elements 6 may also be arranged between the power distribution
system 5 and electrical loads 7 for subsea operation. Subsea plugs 8 may be used as part of connecting members. Electrical
functional elements 6 may operate for example as switches and/or converters. The power distribution system 5 is preferably a
static power distribution system without moving parts.

[0036] Preferably the electrical functional elements 6 comprise semi-conductor elements, which may operate as breaker, soft-
start control and/or frequency control for a subsea process load 7, i.e. an electrical consumer, e.g. an electrical motor.

[0037] The electrical functional elements 6 are pressure compensated by the use of an internal pressurised casing 13.0ther
parts of the subsea power distribution system 5 and/or the subsea system are pressurised using an external pressurised casing
12. Preferably for each electrical functional element 6, a group of electrical functional elements 6, or at least for the semi-
conductors comprised by an electrical functional element 6 an individual internal pressurised casing 13 is provided.

[0038] An electrical functional element 6 and/or its semi-conductor components are enclosed in a liquid within an internal
pressurised casing 13. Preferably said liquid consists at least in part of oil. The external pressurised casing 12 is preferably filled
at least partly with a gas or a mixture of gasses, e.g. nitrogen. In this way a two-stage pressure system for the subsea electrical
power system of the subsea system 10 may be provided.

[0039] A subsea power distribution system 5 is provided with electrical functional elements 6, which operate as multi functional,
reliable controllers for electrical power loads 7 to be installed at various water depths from shallow to ultra deep water. The
external pressurised casing 12 may be designed as a canister having at least in part a primarily cylindrical form.

[0040] The electrical functional elements 6 comprising semi-conductor elements may provide direct online start, soft start, i.e. low
torque start, and variable frequency control for multiple electrical loads 7. Reversing of the motors may be included in the control.
An electrical functional element 6 may also operate as direct driver.
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[0041] An electrical functional element 6 may comprise a cycloconverter connection, preferably with branch fuses, or a star
connection, which may be fuseless. It is of advantage for subsea applications if the number of cables per phase leading to an
electrical load 7 is limited. One or more electrical components 6 can be installed inside one internal pressurised casing 13, e.g.
for providing the functionality of a cycloconverter

[0042] An electrical functional element 6 may comprise at least one, preferably a plurality of thyristors as semi-conductor
elements, in particular when designed as a static switching element. One ore more thyristors may be used in a breaker, a soft-
starter and/or a cycloconverter.

[0043] The subsea electrical power system provides preferably an output range from about 3 MVA to about 30 MVA. Electrical
functional elements 6 may be arranged in open or in star connection. The supply voltage of the subsea electrical power system
may be for example of about 1180V, controlled and with isolated motor phases. If designed for a high number of electrical loads 7,
which may be arranged in serial, a higher supply voltage may be preferred. A high short-time overload capability, e.g. 200% for
60 seconds, is provided.

[0044] The range of a movable subsea system 10 may be narrower when using high frequency power transmission but its
operational flexibility is augmented due to lighter and more simple construction and design.

[0045] A primary aspect of the invention may be summarized as follows:

The invention relates to an electrical power system for stationary or movable subsea loads 7 providing one common feeder for
multiple electric motors which can be individually controlled. A higher operational flexibility and increased operational safety for
operation in varying water depths is provided by encapsulating electrical functional elements 6 of a subsea power system with a
subsea electrical distribution system 5 individually or in groups. Electrical functional elements 6 and their semi-conductor
elements are arranged within at least one fluidised internal pressure casing 13. Additionally an external pressure casing 12 is
provided for the subsea electrical distribution system 5 and/or other components of the subsea system. In addition or alternatively
to the arrangement described above, employing high frequency power transmission to the subsea pressurized distribution system
5 with pressurised semi-conductor components may enable a reduction of weight and size of subsea transformers 4b and cables
9 employed in subsea systems 10.
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Patentkrav

1.

Elektrisk forsyningssystem til et undersgisk system (10) omfattende
mindst ét undersgisk effektfordelingssystem (5), som modtager strom
fra en stroamforsyningskilde, hvor det undersgiske effektfordelingssy-
stem (5) omfatter mindst én elektrisk funktionel komponent (6) og
mindst ét forbindelseselement til mindst én elektrisk last (7) til under-
spisk drift, medens en farste tryksat indkapsling (12) er tilvejebragt til
det undersgiske effektfordelingssystem (5), og hvor mindst én anden
tryksat indkapsling (13) er tilvejebragt til den mindst ene elektrisk funk-
tionelle komponent (6), hvor

den farste tryksatte indkapsling (12) indkapsler det undersgiske effekt-
fordelingssystem (5) og den mindst ene elektriske funktionelle kompo-
nent (6), hvor den mindst ene anden tryksatte indkapsling (13) er ind-
kapslet i den fgrste tryksatte indkapsling (12),

den fgrste tryksatte indkapsling (12) og den anden tryksatte indkaps-
ling (13) er indrettet i et totrins-tryksystem, og

det undersgiske system (10) kan forbindes til mindst ét kabel (9) til
stromoverfgrsel fra stramforsyningskilden til det undersgiske system
(10).

Elektrisk forsyningssystem ifglge krav 1, kendetegnet ved, at det un-
dersopiske effektfordelingssystem (5) omfatter en flerhed af elektrisk
funktionelle komponenter (6), og at den mindst ene anden tryksatte
indkapsling (13) er tilvejebragt for at trykseette mindst én elektrisk
funktionel komponent (6) eller i det mindste én af dens dele.

Elektrisk forsyningssystem ifglge krav 1 eller 2, kendetegnet ved, at
den mindst ene anden tryksatte indkapsling (13) er fluidiseret.

Elektrisk forsyningssystem ifolge krav 3, kendetegnet ved, at den
mindst ene anden tryksatte indkapsling (13) er mindst delvist fyldt med
en veeske.
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5. Elektrisk forsyningssystem ifglge krav 4, kendetegnet ved, at den
mindst ene anden tryksatte indkapsling (13) er mindst delvist fyldt med
olie eller en vaeske omfattende olie.

6. Elektrisk forsyningssystem ifglge ét af kravene 1 til 5, kendetegnet
ved, at den farste tryksatte indkapsling (12) er mindst delvist fyldt med
gas eller en blanding af gasser.

7. Elektrisk forsyningssystem ifglge krav 6, kendetegnet ved, at den for-
ste tryksatte indkapsling (12) er mindst delvist fyldt med kvaelstof.

8. Elektrisk forsyningssystem ifolge ét af kravene 1 til 7, kendetegnet
ved, at den mindst ene elektrisk funktionelle komponent (6) omfatter
halvlederelementer.

9. Elektrisk forsyningssystem ifglge krav 8, kendetegnet ved, at den
mindst ene elektrisk funktionelle komponent (6) omfattende halvleder-
elementer er en frekvensomformer (cycloconverter).

10. Elektrisk forsyningssystem ifolge krav 8 eller 9, kendetegnet ved, at
mindst ét halvlederelement er en tyristor.

11. Elektrisk forsyningssystem ifalge ét af kravene 8 til 10, kendetegnet
ved, at der til hvert forbindelseselement af det undersgiske system er
tilvejebragt én elektrisk funktionel komponent (6) omfattende halvle-
derelementer, hvor den elektrisk funktionelle komponent er anbragt
inden i den mindst ene anden tryksatte indkapsling (13).

12. Elektrisk forsyningssystem ifalge ét af kravene 8 til 11, kendetegnet
ved, at der til forbindelse til stramforsyningskilden er tilvejebragt
mindst én elektrisk funktionel komponent (6) omfattende halvleder-
elementer, hvor den elektrisk funktionelle komponent er anbragt inden
i den mindst ene anden tryksatte indkapsling (13).
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13. Elektrisk forsyningssystem ifglge ét af kravene 8 til 12, kendetegnet
ved, at det mindst ene forbindelseselement til den mindst ene elektri-
ske last (7) er en undervandsstikprop.

14.Elektrisk forsyningssystem ifalge ét af kravene 8 til 13, kendetegnet
ved, at det undersgiske effektfordelingssystem (5) er statisk.

15. Elektrisk forsyningssystem omfattende et undersgisk elektrisk forsy-
ningssystem ifglge ét af kravene 1 til 14, kendetegnet ved, at det om-
fatter mindst én konverter (2) pa overfladen, hvilken konverter tilveje-
bringer en udgangsfrekvens pa mindst 100 Hz, som skal overfores {il
det undersgiske system (10), og at det omfatter mindst ét kabel (9) til
effektoverfarsel til det undersgiske system (10), hvor kablet er forbun-
det til konverteren (2) pa overfladen, og hvor kablet er forbundet til det
undersgiske system (10).

16. Elektrisk forsyningssystem ifolge krav 15, kendetegnet ved, at ud-
gangsfrekvensen af konverteren (2) er mindst 200 Hz.

17.Elektrisk forsyningssystem ifglge krav 15 eller 16, kendetegnet ved, at
udgangsfrekvensen af konverteren (2) er mindst 300 Hz.

18. Elektrisk forsyningssystem ifglge krav 15, 16 eller 17, kendetegnet
ved, at udgangsfrekvensen af konverteren (2) er mindst 380 Hz.

19. Fremgangsmade til drift af mindst én elektrisk last (7) i en undersgisk
anvendelse ved brug af et elektrisk forsyningssystem ifalge ét af de fo-
regaende krav til effektoverforsel til et undersgisk effektfordelingssy-
stem (5).
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DRAWINGS
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