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Description

[0001] Oil production and communication applications
in subsea environments require electric devices able to
withstand high pressure. However, electronic compo-
nents, such as capacitors, particularly conventional elec-
trolytic capacitors or MP capacitors are not applicable
under high pressure conditions. Such capacitors exhibit
electrodes stacked and rolled up in a casing partially filled
with an electrolytic fluid, which would collapse under high
pressure. Electric devices containing such electronic
components are often designed with a pressure proof
housing in order to keep the interior of the housing at
atmospheric pressure (1 atm). Due to the high pressure
in deep sea environments this housing needs to be ad-
equately massive thus causing high costs. Further draw-
backs are the high effort for sealing the housing and the
feedthroughs for electrical connections to the outside. In
other known approaches the housing of such electric de-
vices is filled with an electrically insulating fluid. Although
this allows a lightweight design of the device housing,
the risk of damage to the capacitors persists because
they are exposed to the ambient pressure transmitted by
fluid in the device housing. WO 2007/003595 A discloses
an electronic component arrangeable in high pressure
environment, comprising a casing entirely filled with an
electrically insulating first fluid, whereby the casing con-
nects to a volume compensation unit for compensating
a volume change of the first fluid. The volume compen-
sation unit comprises a reservoir partially filled with the
first fluid and connected to the casing by means of a tube.
The first fluid is separated by a flexible impermeable
membrane from a second fluid surrounding the reservoir.
US 5,876,872 discloses a battery with at least one elec-
trochemical cell for use and recharging underwater, par-
ticularly seawater, at a pressure at or greater than at-
mospheric pressure. The battery has an anode, a cath-
ode and an associated electrolyte in a housing. A pres-
sure compensating fluid with a greater density than water
separates the electrolyte from the surrounding water.
[0002] WO 00/76013 A1 discloses a battery for under-
water use comprising a plurality of elements. Each ele-
ment is provided with an aperture communicating with
an external liquid environment. Each element is filled with
liquid means for separating an electrolyte inside the el-
ement from the external liquid environment.
[0003] It is an object of the invention to provide an im-
proved capacitor arranged in a high pressure environ-
ment and an improved electric device containing at least
one such capacitor.
[0004] The object is achieved by an electric device ac-
cording to claim 1.
[0005] Advantageous embodiments are the object of
the dependent claims.
[0006] An electronic component according to the in-
vention for application in high pressure environments
comprises a casing entirely filled with an electrically in-
sulating first fluid. The casing is equipped with or con-

nected to a volume compensation unit for compensating
a volume change of the first fluid. "Entirely filled" means
that there are no or only marginal amounts of residual air
or gas in the casing in order to avoid compressing them
under high pressure which would lead to a collapse of
the casing. The volume compensation unit adapts the
fluid volume inside the casing to the outside pressure,
so the inside pressure and the outside pressure are bal-
anced. Volume fluctuations due to temperature changes
can be compensated the same way. Thus a wall of the
casing is relieved from mechanical stress so the casing
will not collapse regardless of the outside pressure. Par-
ticularly, the accordingly designed electronic component
is a capacitor, such as an electrolytic capacitor or an MP
capacitor. Nevertheless the design may be applied to
capsulated inductors as well.
[0007] The electronic component according to the in-
vention is particularly disposed in an electric device ex-
hibiting a device housing filled with a second fluid. The
ambient pressure outside the device housing is thus for-
warded to the electronic component. The electric device
can comprise more than one electronic component ac-
cording to the invention. The device housing can be de-
signed as a light weight canister because it does not have
to withstand mechanical stress due to high pressure.
Lightweight means thinner walls of the device housing
thus reducing costs and providing better cooling to parts
inside the device housing. The second fluid should also
be electrically insulating. It can serve as a coolant for
semiconductors and other parts inside the electric de-
vice. As the pressure inside and outside the device casing
is essentially the same under all conditions, the risk of
leakage of seawater into the device is tremendously re-
duced.
[0008] In a preferred embodiment the volume compen-
sation unit comprises a valve allowing the first fluid to
flow out of the casing or into the casing. The term valve
is supposed to mean a constricted passage allowing the
first fluid to pass freely or by a light differential pressure.
Such an electronic component is preferably used in an
electric device filled with a second fluid which is the same
as the first fluid. This embodiment is particularly simple
and cost-saving.
[0009] In an advantageous embodiment the valve
comprises a filter keeping impurities and pollution from
entering the electronic component.
[0010] In another preferred embodiment the volume
compensation unit comprises a reservoir at least partially
filled with the first fluid and connected to the casing by a
tube or hose. The first fluid is separated from a second
fluid surrounding the reservoir by a flexible impermeable
membrane. The reservoir can be arranged in any place
inside the device housing or attached directly to the cas-
ing of the electronic component. In this embodiment the
first fluid flows from the electronic component to the res-
ervoir or vice versa depending on the pressure condi-
tions. The reservoir may exhibit a slight overpressure
compared to the ambient pressure in order to make sure
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the electronic component is always entirely filled with the
first fluid. This can be achieved by partially filling the res-
ervoir with air or gas. The size of the reservoir has to be
adequate in order to keep the electronic components
filled regardless of the ambient pressure. Two or more
electronic components can be connected to a common
reservoir by respective tubes or hoses.
[0011] In another preferred embodiment the volume
compensation unit is formed as an at least partially elastic
wall of the casing, thus enabling the casing to adapt to
various volumes dependent on the pressure. For in-
stance the partially flexible wall can comprise a bellows.
[0012] In a preferred embodiment the device housing
exhibits a double wall. A double housing yields an im-
proved protection of the electric device from water leak-
ages.
[0013] In a particularly preferred embodiment of the
invention the electric device is applied in a deep sea en-
vironment, e.g. in oil production or communication instal-
lations. Compared to conventional devices having a rath-
er heavy device casing keeping the interior at atmospher-
ic pressure in order to keep the capacitors from crushing,
the electric device according to the invention exhibits a
lightweight device casing. The efforts for sealing the in-
terior in order to keep sea water outside can be kept
relatively low because of the nonexisting difference be-
tween the ambient pressure and the interior pressure. At
the same time a risk for damaging the electronic compo-
nents, particularly the capacitors under high pressure in-
side the device is virtually zero.
[0014] The invention will now be described in more de-
tail with reference to the accompanying drawings, in
which:

Figure 1 is a schematic of an electric device for high
pressure applications with four electronic
components and a reservoir,

Figure 2 is a schematic of an electric device for high
pressure applications with four electronic
components each one equipped with a bel-
lows, and

Figure 3 is a schematic of an electric device for high
pressure applications with four electronic
components each one equipped with a valve.

[0015] Figure 1 shows a schematic of an electric device
1 for high pressure applications with four electronic com-
ponents 2 (particularly capacitors) and a reservoir 3 serv-
ing as part of a volume compensation unit.
[0016] Each electronic component 2 comprises a cas-
ing 4, electrodes 5 stacked and rolled up and two electric
terminals 6. The casing 4 is entirely filled with an electri-
cally insulating first fluid F1, so no or only marginal res-
idue air or gas is left inside.
[0017] All electronic components 2 are connected to
the reservoir 3 with a respective tube 7 flowing into a

common tube 8, which for its part leads to the common
reservoir 3. A part of the reservoir 3 below a flexible im-
permeable membrane 9 and the tubes 7, 8 are also filled
with the first fluid F1. The electric device 1 exhibits a
device housing 10 keeping water outside the electric de-
vice 1. The device housing 10 is filled with a second fluid
F2 as well as another part of the reservoir 3 above the
membrane 9, the reservoir 3 having an opening to the
outside. When the device housing 10 is subjected to a
change in pressure, e.g. by submerging it, this change
is forwarded to the casings 4 of the electric components
2 by the second fluid F2. At the same time the pressure
change is forwarded to the membrane 9 thus subjecting
the first fluid F1 behind the membrane 9 and consequent-
ly inside the housings or casings 4 the same pressure,
so the pressure inside and outside the casings 4 is bal-
anced.
[0018] Figure 2 shows a schematic of another embod-
iment of the invention. An electric device 1 for high pres-
sure applications contains four electronic components 2
(particularly capacitors). Each electronic component 2
comprises a casing 4, electrodes 5 stacked and rolled
up and two electric terminals 6.
[0019] The casing 4 is entirely filled with an electrically
insulating first fluid F1, so no or only marginal residue air
or gas is left inside. The electric device 1 exhibits a device
housing 10 keeping water outside the electric device 1.
[0020] The device housing 10 is filled with a second
fluid F2. When the device housing 10 is subjected to a
change in pressure, e.g. by submerging it, this change
is forwarded to the casings 4 of the electric components
2 by the second fluid F2. In order to keep the casings 4
from crushing the pressure inside them has to be equal
to the pressure outside. Instead of the reservoir 3 from
figure 1, serving as part of a volume compensation unit
the volume compensation is achieved by a partially elas-
tic casing 4 of each electronic component 2. Therefore
each casing 4 comprises a respective bellows 11, which
forwards the pressure outside the casing 4 to the first
fluid F1 inside, so the pressure inside and outside the
casings 4 is balanced.
[0021] Figure 3 shows a schematic of yet another em-
bodiment of the invention. An electric device 1 for high
pressure applications contains four electronic compo-
nents 2 (particularly capacitors). Each electronic compo-
nent 2 comprises a casing 4, electrodes 5 stacked and
rolled up and two electric terminals 6. The casing 4 is
entirely filled with an electrically insulating first fluid F1,
so no or only marginal residue air or gas is left inside.
[0022] The electric device 1 exhibits a device housing
10 keeping water outside the electric device 1. The device
housing 10 is also filled with the first fluid F1. When the
device housing 10 is subjected to a change in pressure,
e.g. by submerging it, this change is forwarded to the
casings 4 of the electric components 2 by the first fluid
F2 outside the casings 4. In order to keep the casings 4
from crushing the pressure inside them has to be equal
to the pressure outside. The volume compensation is
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achieved by a valve 12 in each casing 4 allowing the first
fluid F1 to flow freely or by a slight overpressure in or out
the casing 4 dependent on the pressure change. Each
valve 12 is equipped with a filter (not shown) for keeping
pollution outside the electronic components 2.
[0023] The second fluid F2 can be the same as the first
fluid F1 in all embodiments.
[0024] The device housing 10 can exhibit double walls.
Each wall of the device housing can be provided with
volume compensation units.
[0025] The above shown embodiments for electronic
components 2 can be applied to other components, such
as inductors, as well.
[0026] The electric device 1 may be applied in a deep
sea environment, particularly in oil production or commu-
nication installations. E.g. it can serve as a control unit
or an amplifier.

Claims

1. Electric device (1) comprising at least two capacitors
(2),
wherein the capacitors (2) are arrangeable in a high
pressure environment,
wherein each capacitor (2) comprises a casing (4)
entirely filled with an electrically insulating first fluid
(F1),
whereby each casing (4) exhibits or connects to a
volume compensation unit for compensating a vol-
ume change of the first fluid (F1),
wherein the volume compensation unit comprises a
common reservoir (3) partially filled with the first fluid
(F1) and wherein the common reservoir (3) is con-
nected to each casing (4) by means of a respective
tube (7, 8) or hose, whereby the first fluid (F1) is
separated from a second fluid (F2) surrounding the
reservoir (3) by a flexible impermeable membrane
(9),
wherein the capacitors (2) are arranged in a device
housing (10), whereby the device housing (10) is
filled with the second fluid (F2).

2. Electric device (1) according to claim 1, character-
ized in that the first fluid (F1) in the reservoir (3) has
a slight overpressure compared to an ambient pres-
sure in the second fluid (F2) outside the reservoir (3).

3. Electric device (1) according to claim 2, character-
ized in that the reservoir (3) is partially filled with air
or gas.

Patentansprüche

1. Elektrische Vorrichtung (1), welche wenigstens zwei
Kondensatoren (2) umfasst,
wobei die Kondensatoren (2) in einer Hochdruckum-

gebung anordenbar sind,
wobei jeder Kondensator (2) ein Gehäuse (4) um-
fasst, das vollständig mit einem elektrisch isolieren-
den ersten Fluid (F1) gefüllt ist,
wobei jedes Gehäuse (4) eine Volumenausgleichs-
einheit zum Ausgleichen einer Volumenänderung
des ersten Fluids (F1) aufweist oder mit einer sol-
chen verbunden ist,
wobei die Volumenausgleichseinheit einen gemein-
samen Behälter (3) umfasst, der teilweise mit dem
ersten Fluid (F1) gefüllt ist, und wobei der gemein-
same Behälter (3) mit jedem Gehäuse (4) mittels ei-
nes jeweiligen Rohres (7, 8) oder Schlauches ver-
bunden ist, wobei das erste Fluid (F1) von einem
zweiten Fluid (F2), das den Behälter (3) umgibt,
durch eine flexible undurchlässige Membran (9) ge-
trennt ist,
wobei die Kondensatoren (2) in einem Vorrichtungs-
gehäuse (10) angeordnet sind, wobei das Vorrich-
tungsgehäuse (10) mit dem zweiten Fluid (F2) gefüllt
ist.

2. Elektrische Vorrichtung (1) nach Anspruch 1, da-
durch gekennzeichnet, dass das erste Fluid (F1)
in dem Behälter (3) einen leichten Überdruck im Ver-
gleich zu einem Umgebungsdruck in dem zweiten
Fluid (F2) außerhalb des Behälters (3) aufweist.

3. Elektrische Vorrichtung (1) nach Anspruch 2, da-
durch gekennzeichnet, dass der Behälter (3) teil-
weise mit Luft oder Gas gefüllt ist.

Revendications

1. Dispositif électrique (1) comprenant au moins deux
condensateurs (2), dans lequel
les condensateurs (2) peuvent être disposés dans
un environnement à haute pression,
chaque condensateur (2) comprend un boîtier (4)
entièrement rempli d’un premier fluide électrique-
ment isolant (F1), chaque boîtier (4) comportant ou
étant raccordé à une unité de compensation de vo-
lume pour compenser une variation de volume du
premier fluide (F1),
et dans lequel l’unité de compensation de volume
comprend un réservoir commun (3) rempli partielle-
ment du premier fluide (F1), ledit réservoir commun
(3) étant raccordé à chaque boîtier (4) au moyen
d’un tuyau ou flexible respectif (7, 8), et le premier
fluide (F1) étant séparé d’un second fluide (F2) en-
tourant le réservoir (3) par une membrane flexible
imperméable (9), et
les condensateurs (2) sont disposés dans un loge-
ment (10), le logement (10) étant rempli du second
fluide (F2).

2. Dispositif électrique (1) selon la revendication 1, ca-
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ractérisé en ce que le premier fluide (F1) dans le
réservoir (3) se trouve à une légère surpression par
rapport à la pression ambiante dans le second fluide
(F2) à l’extérieur du réservoir (3).

3. Dispositif électrique (1) selon la revendication 2, ca-
ractérisé en ce que le réservoir (3) est rempli en
partie d’air ou de gaz.
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