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DESCRIPTION

TECHNICAL FIELD

[0001] The invention relates to pressure compensated subsea electrical system.

BACKGROUND

[0002] In general terms, electric subsea installations and devices usually demand high
standards regarding durability, long-term functionality and independence during operation.
Electric subsea installations that need to be cooled during operation, such as subsea
converters, require an autonomous and durable cooling of its components. It is known to use a
dielectric liquid of low compressibility such as for example mineral oil as a cooling fluid. The
dielectric fluid could also be composed of natural or synthetic esters. In general terms, the
dielectric fluid is used to provide a pressure compensated environment, and additionally
functions as an electric insulation medium of electric components, such as capacitor units,
placed in the electric installation. The tanks of power-electronic subsea equipment, such as
subsea converters, are thus typically filled with oil, which acts as a combined electric insulation
and cooling medium. The oil receives heat from the internal converter components and
transfers it to the sea-water through the tank wall or through a heat exchanger.

[0003] In some cases the tank is provided with a pressure compensation system, so that the
internal pressure is close or equal to the external pressure. Arrangements comprising such
pressure compensation systems will henceforth be called pressure compensated
arrangements. The provision of a pressure compensation system imposes significantly less
stress on the tank walls in comparison to tanks (such as being part of a subsea electrical
system) without pressure compensation systems. For example, the pressure at 3000 meters
depth is 300 bar.

[0004] Commonly, a power converter requires several electrical connections to a transformer.
Known subsea power systems typically position the power converter and the transformer in
separate tanks with separate pressure compensation systems, and with wet connections for
the electrical coupling.

[0005] Figure 1 schematically illustrates such a known pressure compensated subsea
electrical system 1a. The pressure compensated subsea electrical system 1a comprises a first
tank comprising a transformer 3 and a second tank comprising a power converter 4. The tanks
are joined by a connection. Each tank is filled with a dielectric fluid 12 and has its own separate
pressure compensation system 2a, 2b.

[0006] WO 2008/055515 (see, especially Figure 3 therein) describes a converter and a
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transformer, both located within one liquid-tight housing. According to WO 2008/055515 the
converter is located within a further liquid-tight housing and there is consequently no fluid
communication between them.

[0007] EP2579438 (see, especially Figure 6 therein) discloses a converter and a transformer
but does not mention fluid communication.

[0008] Known from prior art (such as in WO 2008/055515) is also a pressure compensated
subsea electrical system where a liquid-filed converter tank is placed inside a main vessel
which also houses the transformer. Figure 2 schematically illustrates such a known pressure
compensated subsea electrical system 1b. The subsea electrical system 1b thus comprises a
first tank, filled with a dielectric fluid 12, comprising a transformer 3 and having a pressure
compensation system 2a. The first tank in turn further comprises a second tank. The second
tank, also filled with a dielectric fluid 12, comprises a power converter 4 and has a pressure
compensation system 2b.

[0009] In general terms, the power converter has high thermal losses but requires low
temperatures in order to operate efficiently. The tank wall surface is in general not sufficient to
achieve the required cooling. The surface can be extended by using tank corrugations, cooling
fins, or an external heat exchanger, but this increases the cost and weight of the pressure
compensated subsea electrical system. On the other hand, the transformer is less sensitive to
high temperatures.

[0010] EP 2 717401 A1 relates to a subsea electrical power system. The subsea electrical
power system includes a first subsea electric device having a first subsea enclosure and a
second subsea electric device having a second subsea enclosure. The first subsea electric
device and the second subsea electric device are mounted on a common frame. A duct is
provided between the first subsea enclosure and the second subsea enclosure.

[0011] In view of the above there is still a need for an improved pressure compensated subsea
electrical system comprising a transformer and a power converter.

SUMMARY

[0012] An object of embodiments herein is to provide efficient pressure compensated subsea
electrical systems comprising a transformer and a power converter.

[0013] Particularly, according to a first aspect there is presented a pressure compensated
subsea electrical system according to claim 1. The pressure compensated subsea electrical
system comprises a housing filled with a dielectric liquid. The housing has a first housing
portion and a second housing portion in pressure communication with each other. The first
housing portion comprises a transformer, and the second housing portion comprises a power
converter. The pressure compensated subsea electrical system comprises a pressure
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compensator arranged to compensate pressure inside the housing. The pressure
compensator is enabled to compensate pressure in both the first housing portion and the
second housing portion.

[0014] Having a subsea power converter and a subsea transformer placed in a shared
housing filled with dielectric liquid brings a number of advantages and technical effects.

[0015] Advantageously, only one pressure compensation system is required. Advantageously,
there is no need for wet connections between subsea power converter and subsea
transformer.

[0016] Advantageously, the housing will have a large surface that can be used to reduce the
power converter operating temperature.

[0017] Advantageously, the housing can be extended vertically to improve natural convective
flow of the dielectric liquid.

[0018] Advantageously, this allows for temperature sensitive components to be placed in cold
environment.

[0019] According to the present invention, the subsea transformer is positioned such that
transformer losses generate a natural convective flow of the dielectric liquid that helps to cool
the subsea power converter. This

[0020] Advantageously, temperature gradients within semiconductor arrangements and
absolute temperatures can be reduced.

[0021] Other objectives, features and advantages of the enclosed embodiments will be
apparent from the following detailed disclosure, from the attached dependent claims as well as
from the drawings.

[0022] Generally, all terms used in the claims are to be interpreted according to their ordinary
meaning in the technical field, unless explicitly defined otherwise herein. All references to
"a/an/the element, apparatus, component, means, step, etc." are to be interpreted openly as
referring to at least one instance of the element, apparatus, component, means, step, etc.,
unless explicitly stated otherwise. The steps of any method disclosed herein do not have to be
performed in the exact order disclosed, unless explicitly stated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The invention is now described, by way of example, with reference to the
accompanying drawings, in which:
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Figures 1 and 2 schematically illustrate pressure compensated subsea electrical systems
according to prior art;

Figures 3, 4, 6, and 8 schematically illustrate pressure compensated subsea electrical systems
according to embodiments;

Figures 5 and 7 schematically illustrate arrangements of a transformer and power converter
components for use in a pressure compensated subsea electrical system according to

Figure 9 shows pressure compensated subsea electrical system useful for understanding the
present invention.

DETAILED DESCRIPTION

[0024] The invention will now be described more fully hereinafter with reference to the
accompanying drawings, in which certain embodiments of the invention are shown. This
invention may, however, be embodied in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these embodiments are provided by way of
example so that this disclosure will be thorough and complete, and will fully convey the scope
of the invention to those skilled in the art. Like numbers refer to like elements throughout the
description.

[0025] Cooling systems for electric equipment, and specifically for subsea electrical systems,
are used to cool down electric components, such as transformers, power converters, power
electronic building blocks, semiconductor modules, connectors, and capacitor units. Such
electric components generate heat that needs to be dissipated by the cooling system. The
cooling systems of subsea electrical systems are usually designed in a simple manner avoiding
any unnecessary parts and mechanisms. Generally it is desirable to have passive cooling
systems, thus cooling systems without any driven or powered parts, such as for example
without pumps, to cool down the electric equipment. In some cases natural convection is used.
Cooling by natural convection uses the heat transfer from the cooling liquid to the surrounding
sea water to generate circulation within the cooling system and thus within the electrical
systems. Reference is now made to Figures 3 to 9. Figures 3, 4, 6, 8, and 9 are cross-
sectional side views illustrating pressure compensated subsea electrical systems . Figures 5
and 7 schematically illustrate arrangements of a transformer and power converter components
for use in a pressure compensated subsea electrical system according to embodiments.

[0026] In general terms, there is shown a pressure compensated subsea electrical system 5a,
5b, 5¢, 5d, 5e.

[0027] The pressure compensated subsea electrical system 5a, 5b, 5¢, 5d, 5e comprises a
housing 8. The housing 8 may be a tank. The housing 8 is filled with a dielectric liquid 12. The
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dielectric liquid 12 may be oil. The housing 8 has a first housing portion 8a and a second
housing portion 8b. The first housing portion 8a and the second housing portion 8b are in
pressure communication with each other. The pressure communication may be fluid
communication. The first housing portion 8a comprises a transformer 3, and the second
housing portion 8b comprises a power converter 4.

[0028] The pressure compensated subsea electrical system 5a, 5b, 5c, 5d, 5e further
comprises a pressure compensator 2. The pressure compensator 2 is arranged to
compensate pressure inside the housing 8. The pressure compensator 2 is enabled to
compensate pressure in both the first housing portion 8a and the second housing portion 8b.

[0029] Particular advantages and technical effects for such a pressure compensated subsea
electrical system 5a, 5b, 5¢, 5d, 5e have been summarized above. Particularly, only one
pressure compensation system, as defined by the pressure compensator 2, is required for the
first housing portion 8a and the second housing portion 8b.

[0030] In use, electrical components such as the transformer 3 and the power converter 4
generate heat. In general terms, for some electric components increased temperature is a
common stress factor. In subsea environments, such as in subsea electrical systems, which
require high reliability, the thermal stress should thus be limited to a minimum. In the electrical
components energy is dissipated during operation. This energy is conducted to the outer walls
of the electrical components, where it is transported to the surroundings, such as to a dielectric
liquid 12 surrounding the electrical components. From the dielectric liquid 12 heat is
transferred to the surrounding water. In more detail, heat from the dielectric liquid 12 is
transferred to the walls of the housing 8 and from there to the water surrounding the housing
8. Efficient cooling of the electrical components enables the electrical components hotspot
temperature to be limited. Particular optional features of such pressure compensated subsea
electrical systems will now be described.

[0031] The first housing portion 8a may comprise a tank wall 8c for transferring heat from the
power converter 4. The tank wall 8¢ may comprise corrugations or cooling fins.

[0032] There may be different ways to provide the first housing portion 8a and the second
housing portion 8b in the housing 8. As a not claimed example, the housing 8 may further
comprise one separating wall 9. The separating wall 9 may be arranged between the power
converter 4 and the transformer 3. Such a pressure compensated subsea electrical systems

5d and 5€ is chematically illustrated in Figure 9.

[0033] For such pressure compensated subsea electrical systems 5 the pressure
communication may consist of a through hole 10 in the separating wall 9. Such a pressure

compensated subsea electrical system 5€ is schematically illustrated in Figure 9. Alternatively ,
a pair of parallel walls 9 acts as a guide for guiding a flow of the dielectric liquid between the
first housing portion 8a and the second housing portion 8b. An example of such a pressure
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compensated subsea electrical system 5d is schematically illustrated in Figure 8.

[0034] There may be different dimensions of the through hole (or through holes). For example,
the at least one through hole has a total cross section of at least 1 square centimeter. Hence,
the total cross section of all through holes may be at least 1 square centimeter.

[0035] There may be different ways to provide electrical connectivity between the transformer
3 and the power converter 4. For example, at least one electrical connection 7 may run
through the through hole 10 in the separating wall 9 for electrically connecting the power

converter 4 and the transformer 3. Such a pressure compensated subsea electrical system 5°¢
is schematically illustrated in Figure 9.

[0036] There may be different ways to arrange the power converter 4 and the transformer 3
relative each other. For example, the transformer 3 and the power converter 4 may be
arranged such that, in use, the transformer 3 is arranged in a vertical position above the power
converter 4. An example of such a pressure compensated subsea electrical system 5c is
schematically illustrated in Figure 6. For example, the transformer 3 and the power converter 4
may be arranged such that, in use, the transformer 3 is arranged in a horizontal position
between two power converters 4. An example of such a pressure compensated subsea
electrical system 5b is schematically illustrated in Figure 4.

[0037] There may be different ways to provide cooling of the power converter 4 and the
transformer 3. For example, the pressure compensated subsea electrical system 5a, 5b, 5c,
5d, 5e may comprise a cooling circuit 11 through which the dielectric liquid 12 flows. The
cooling circuit 12 encompasses at least the power converter 4 and the transformer 3.
Examples of such pressure compensated subsea electrical systems 5a, 5b, 5¢, 5d, 5e are
schematically illustrated in Figures 3, 4, 6, 8, and 9.

[0038] The pressure compensated subsea electrical system may further comprise a heat
exchanger 6. The heat exchanger 6 may be provided on an outside wall of the housing 8. An
example of such a pressure compensated subsea electrical system 5d is schematically
illustrated in Figure 8. The heat exchanger 6 may be arranged to receive dielectric liquid 12
from the first housing portion 8a and to provide dielectric liquid 12 to the second housing
portion 8b.

[0039] Particular embodiments relating to at least some of the above disclosed pressure
compensated subsea electrical systems will now be described with references to Figures 3 to
8. An example useful for understanding the present invention is described with reference to
Figure 9.

[0040] According to a first embodiment, as illustrated in Figure 3, the pressure compensated
subsea electrical system 5a comprises a power converter 4 and a transformer 3 in the same
housing 8 where the cooling streams are mixed such that a large surface of the housing 8 can
be used to partially cool the power converter 3. Further, putting the transformer 3 and the
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power converter 4 in a shared housing requires only one pressure compensator 2. According
to a second embodiment of a pressure compensated subsea electrical system 5b, as
illustrated in Figure 4, the constituent cells of the power converter 4 are mounted around the
transformer 3, thereby achieving a very compact arrangement. In general terms, the herein
provided embodiments create large flexibility of mechanical and electrical design so that the
equipment can be made very compact. Only one pressure compensator 2 is needed. Figure 5
schematically illustrate an arrangement of a transformer 3 and components of a power
converter 4 for use in a pressure compensated subsea electrical system 5b according to the
embodiment of Figure 4. Hence, by generalizing the embodiment of Figure 5 there is provided
an arrangement of a transformer 3 and components of a power converter 4 for use in a
subsea electrical system where the transformer 3 and the components of the power converter
4 are arranged such that in use the transformer 3 is arranged in a horizontal position between
two power converters 4 (or between two components of one power converter). According to a
third embodiment, as Iillustrated in Figure 6, where the transformer 3 of a pressure
compensated subsea electrical system 5¢ has been positioned vertically above the power
converter 4 such that transformer losses induce a natural convection flow of the dielectric liquid
12 that helps to cool the power converter 4. Only one pressure compensator 2 is needed.

[0041] Figure 7 schematically illustrate an arrangement of a transformer 3 and components of
a power converter 4 for use in a pressure compensated subsea electrical system 5c according
to the embodiment of Figure 6. Hence, by generalizing the embodiment of Figure 7 there is
provided an arrangement of a transformer 3 and components of a power converter 4 for use in
a subsea electrical system where the transformer 3 and the components of the power
converter 4 are arranged such that in use the transformer 3 is arranged in a vertical position
above (the components of) the power converter 4. According to a fourth embodiment, as
illustrated in Figure 8, transformer losses induce a natural convection flow that helps cool the
power converter 4. In contrast to the embodiment of Figure 6, the natural convention flow is
according to the pressure compensated subsea electrical system 5d of present embodiment
achieved by guiding the flow of the dielectric liquid 12 through ducts as formed by the
separating wall 9. Further, according to the present embodiment the pressure compensated
subsea electrical system 5c has shared cooling cycle that includes an external heat exchanger
6. The flow of the dielectric liquid 12 is guided such that losses in the transformer 3 induce a
natural convection flow through the power converter 4. Only one pressure compensator 2 is
needed.

[0042] According to the example, as illustrated in Figure 9, it is also possible to design a
pressure compensated subsea electrical system 5e such that the transformer 3 and the power
converter 4 each have their own separate cooling cycle and use different parts of the housing
surface for heat transfer to surrounding sea water. The transformer 3 and the power converter
4 are separated by a separating wall 9 to keep the heat transfer between them limited. There
could be small through holes 10 in the separating wall 9 so that the dielectric liquid 12 is in
pressure communication and only one pressure compensator is needed . The through holes
10 may further be utilized for enabling an electrical connection 7 to be established between the
transformer 3 and the power converter 4.
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[0043] The invention has mainly been described above with reference to a few embodiments.
However, as is readily appreciated by a person skilled in the art, other embodiments than the
ones disclosed above are equally possible within the scope of the invention, as defined by the
appended patent claims. For example, although oil has been used as an example of the
dielectric liquid 12, it is understood that any suitable dielectric liquid 12 could be used. For
example, although reference has been made to a single power converter 4, any of the herein
disclosed pressure compensated subsea electrical systems 5a, 5b, 5¢, 5d, 5e may comprise a
plurality of power converters 4.

[0044] Further, although reference has been made to a pressure compensated subsea
electrical system 5a, 5b, 5c, 5d, 5e, according to one aspect there is also provided a subsea
converter. Such a subsea converter may comprise any components or features of the herein
disclosed pressure compensated subsea electrical systems 5a, 5b, 5¢, 5d, 5e. Thus, a subsea
converter may comprise a housing 8 filled with a dielectric liquid 12, where the housing has a
first housing portion 8a and a second housing portion 8b in pressure communication with each
other, where the first housing portion comprises a transformer 3, and where the second
housing portion comprises a power converter 4. Thus, a subsea converter may further
comprise a pressure compensator 2 arranged to compensate pressure inside the housing,
where the pressure compensator is enabled to compensate pressure in both the first housing
portion and the second housing portion. Thus, a subsea converter may further comprise any
optional components or features of the herein disclosed pressure compensated subsea
electrical systems 5a, 5b, 5c¢, 5d, 5e.
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Patentkrav

1. Trykkompenseret undersgisk elektrisk system (5a, 5b, bc,
5d, b5e), der omfatter:

et hus (8), der er fyldt med en dielektrisk wvaske (12), idet
huset har en fegrste husdel (8a) og en anden husdel (8b), der
er 1 trykforbindelse med hinanden, idet den feorste husdel
omfatter en transformator (3), og den anden husdel omfatter en
omformer (4),

en trykkompensator (2), der er arrangeret, sa den kompenserer
tryk inde 1 huset, hvor trykkompensatoren kan kompensere tryk
i bade den ferste husdel og den anden husdel, og

hvor transformatoren (3) er placeret, sa den genererer en
naturlig cirkulation af den dielektriske wvaske (12), der
omfatter en keolekreds til naturlig cirkulation (11), der

indeholder omformeren (4) og transformatoren (3).

2. Det trykkompenserede undersgiske elektriske system ifeolge

krav 1, hvor trykforbindelsen er vaskeforbindelse.

3. Det trykkompenserede undersgiske elektriske system ifeolge
krav 1 eller 2, hvor den forste husdel omfatter en beholderveag

(8c) til at overfore varme fra omformeren.

4, Det trykkompenserede undersgiske elektriske system ifeolge
et hvilket som helst af kravene 1 til 3, hvor huset yderligere
omfatter:

mindst én skillevaeg (9), der er arrangeret mellem omformeren

og transformatoren.

5. Det trykkompenserede undersgiske elektriske system ifeolge
krav 4, hvor trykforbindelsen bestadar af mindst ét gennemgaende

hul i den mindst ene skillevag.

6. Det trykkompenserede undersgiske elektriske system ifeolge
krav 5, hvor det mindst ene gennemgadende hul har et samlet

tvaersnit pad mindst 1 kvadratcentimeter.
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7. Det trykkompenserede undersgiske elektriske system ifeolge
krav 5 eller 6, hvis mindst én elektrisk forbindelse (7) lgber
gennem det mindst ene gennemgaende hul i den mindst ene
skilleveg for at forbinde omformeren og transformatoren
elektrisk.

8. Det trykkompenserede undersgiske elektriske system ifeolge
et hvilket som helst af kravene 3 til 7, hvor beholdervaggen

(8c) omfatter korrugeringer eller kgleribber.

9. Det trykkompenserede underswgiske elektriske system i1ifeolge
et hvilket som helst af kravene 1 til 8, hvor transformatoren
og omformeren er arrangeret, sa& transformatoren under brug er

arrangeret 1 en vertikal position over omformeren.

10. Det trykkompenserede undersgiske elektriske system
ifeglge et hvilket som helst af kravene 1 til 9, der yderligere
omfatter:

en varmeveksler (6), 1idet varmeveksleren er tilvejebragt pa en

udvendig vag pa huset.

11. Det trykkompenserede undersgiske elektriske system ifelge
krav 10, hvor varmeveksleren er arrangeret til at modtage
dielektrisk wvaske fra den forste husdel og tilvejebringe

dielektrisk veaeske til den anden husdel.
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DRAWINGS

Fig. 1

Fig. 2
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8b

Fig. 3

8a

Fig. 4
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Fig. 7
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