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(54) SUBSEA FUSE DEVICE

(67)  The present invention relates to a subsea fuse
device (20) comprising a housing (21), a bistable switch
configured to be selectively switched by applying a mag-
netic field, and a coil (26) configured to generate the mag-
netic field depending on an electrical current flowing
through the bistable switch. The fuse housing (21) com-
prises a one-piece outer envelope which completely en-
closes a hollow space (25) and provides a first
feedthrough opening (28) and a second feedthrough

FIG 2

opening (29). The bistable switch is arranged within the
hollow space (25) of the fuse housing (21) and a first
terminal wire (22) of the bistable switch is extending
through the first feedthrough opening (28) and a second
terminal wire (23) of the bistable switch is extending
through the second feedthrough opening (29). The ter-
minal wires (22, 23) are in contact with their correspond-
ing feedthrough openings (28, 29) and seal the corre-
sponding feedthrough opening (28, 29).
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Description
Field of the invention

[0001] The presentinvention relates to a subsea fuse
device which may be used in subsea equipment for pro-
tecting electrical and electronic circuits. Furthermore, the
present invention relates to a subsea device comprising
an electric circuitry comprising the subsea fuse device.

Background of the invention

[0002] In subsea applications, for example subsea oil
production, subsea devices may be used which may
comprise electric and electronic circuitry. The subsea de-
vices may be arranged in a depth of several hundred or
several thousand meters, for example in a depth of up
to or even in excess of 3000 m. A subsea device may
comprise a housing or enclosure for protecting the inte-
rior of the subsea device from harsh environments out-
side the subsea device. The housing or enclosure is also
called subsea canister. The subsea device may be pres-
sure compensated such that the inside pressure essen-
tially corresponds to an environmental pressure outside
the subsea device. Depending on the depth in which the
subsea device is located, the environmental pressure
may be in the range of one to a few hundred bars, for
example 300 bar in a depth of 3000 m. The Enclosure of
the pressure compensated subsea device may be filled
with a fluid, for example oil, which may be pressurized
with ambient pressure. Consequently, a high ambient
pressure may also act on the electric or electronic cir-
cuitry arranged within the subsea device.

[0003] Fuses are used in electronic and electrical cir-
cuitry to protect partial circuits, so-called sub-circuits,
from overload and short circuits. A usual fuse may work
by melting or vaporizing a conductive element arranged
within the fuse.

[0004] Melting or vaporizing the conductive element of
the fuse breaks a current to a protected sub-circuit thus
isolating the sub-circuit from the rest of the circuit or sys-
tem.

[0005] When using such a fuse in subsea device, the
fuse may fail to protect sub-circuits when being used in
oil at high ambient pressure, for example at 300 bars.
Additionally, the oil which is typically used as an isolating
dielectric fluid, may be contaminated by the melted of
vaporized conductive element of the fuse. This may in-
fluence the insulating properties of the oil which are de-
pending on the cleanliness of the oil.

[0006] Therefore, there is a need for a fuse for subsea
devices which reliably breaks a currentin an oil-filled sub-
sea device at high pressures and which does not con-
taminate surrounding oil when breaking the current.

Summary of the invention

[0007] According to the present invention, this object
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is achieved by a subsea fuse device and a subsea device
as defined in the independent claims. The dependent
claims define embodiments of the present invention.

[0008] A subsea fuse device according to the present
invention comprises a fuse housing, a bistable switch
and a coil. The bistable switch is configured to be selec-
tively switched into a first switching state and second
switching state by applying a magnetic field. The coil is
configured to generate the magnetic field depending on
an electrical current flowing through the bistable switch.
The fuse housing comprises a one piece outer envelope
which completely encloses a hollow space and provides
a first feed through opening and a second feedthrough
opening. The bistable switch is arranged within the hollow
space of the fuse housing. A first terminal wire of the
bistable switch is extending through the first feedthrough
opening and a second terminal wire of the bistable switch
is extending through the second feedthrough opening.
An electrical current, which is to be interrupted in case
of a failure or overcurrent condition, may be transmitted
viathe firstand second terminal wires in the first switching
state and may be interrupted in the second switching
state. At the first feedthrough opening, an outer circum-
ferential surface of the first terminal wire is in contact with
an inner circumferential surface of the first feedthrough
opening and seals the first feedthrough opening. At the
second feedthrough opening, an outer circumferential
surface of the second terminal wire is in contact with an
inner circumferential surface of the second feedthrough
opening and seals the second feedthrough opening.

[0009] Thus,theinteriorof the fuse housing comprising
the bistable switch is completely sealed from an outside
of the fuse housing. Consequently, the bistable switch is
not in contact with a fluid surrounding the fuse housing,
for example a dielectric fluid or oil. Furthermore, the in-
terior of the fuse housing is protected from high pressure
outside the fuse housing. Operation of the bistable switch
inside the fuse housing may become reliable and an iso-
lating dielectric fluid outside the fuse housing may not be
contaminated by loss of contact material of the bistable
switch when the bistable switch is switching. As the fuse
housing is formed as a one piece outer envelope, a reli-
able tightness of the fuse housing can be achieved even
at high environmental pressure. The first switching state
may comprise a closed switching state of the bistable
switch and the second switching state may comprise an
open switching state of the bistable switch. Via the mag-
netic field generated by the coil, the bistable switch may
selectively be switched over into the open switching state
or the closed switching state and may remain in the cor-
responding switching state even if the magnetic field is
removed. A circuit to be protected by the subsea fuse
device may be supplied with an electric current via the
bistable switch in its closed switching state. The bistable
switch remains in its closed switching state even if no
magnetic field is applied. In case of a failure, the coil may
be controlled to generate a magnetic field to switchover
the bistable switch into its open switching state which
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breaks the electric current to the circuit to be protected.
The bistable switch remains in its open switching state
even if the magnetic field is removed thus breaking reli-
ably the electric current to the circuit.

[0010] For re-activating the subsea fuse device, that
means for switching over the bistable switch into its
closed switching state, a further magnetic field may be
applied, for example from the coil energized in reverse
direction.

[0011] According to an embodiment, the coil is ar-
ranged outside the outer envelope. By arranging the coil
outside the outer envelope instead of inside the outer
envelope, no additional feedthroughs for providing the
coil with electrical energy are needed. Thus, a hermetical
sealing of the outer envelope may be improved and a
dimension of the outer envelope may be reduced which
may facilitate the robustness of the outer envelope
against high external pressure in subsea environment.
[0012] According to a further embodiment, the outer
envelope has a tubular form and the first and second
feedthrough openings are arranged at opposite ends of
the tubular envelope. The tubular form supports a high
stability of the fuse housing against high external pres-
sure in subsea environment.

[0013] Additionally, the outer envelope may be hermet-
ically sealed apart from the first and second feedthrough
openings. Consequently, the hollow space within the out-
er envelope may be filled with gas or air with a pressure
independent from a pressure outside the outer envelope,
for example with a pressure far below an operating pres-
sure in subsea environments. For example, a pressure
of approximately one bar may be present in the hollow
space. According to another embodiment, the hermeti-
cally sealed outer envelope may be evacuated. Due to
the preset pressure inside the outer envelope a reliable
operation of the bistable switch may be enabled.

[0014] Accordingtoanotherembodiment, the outer en-
velope is made of an electrically isolating material. The
electrically isolating material may comprise for example
glass, ceramics or resin. In the open switching state of
the bistable switch the whole fuse device reliably breaks
an electrical current to an electrical circuit or sub-circuit
protected by the subsea fuse device.

[0015] Incase the outer envelope is made of glass ma-
terial, the subsea fuse device may be manufactured as
described below. The first terminal wire of the bistable
switch may be passed through one end of the glass tube
such that the first terminal wire ends at a central section
of the glass tube in its longitudinal direction. The second
terminal wire of the bistable switch may be passed
through the opposite end of the glass tube such that the
second terminal wire also ends at the central section of
the glass tube in its longitudinal direction. The end of the
first and second terminal wires in the central section of
the glass tube may be overlapping such that they may
be brought into contact. The first terminal wire may be
made of a magnetisable material such that it may be elas-
tically bent within the glass tube by applying a magnetic
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field. The ends of the glass tube are heated so that they
seal around the first and second terminal wires, respec-
tively. For example, infrared absorbing glass may be
used such that an infrared heat source can concentrate
the heat in the small sealing zone of the glass tube. The
thermal coefficients of expansion of the glass material
and the first and the second terminal wires may be similar
to prevent breaking the glass to metal seal. The glass
may contain no volatile components such as lead oxide
and fluorides to support the isolating property.

[0016] According to an embodiment, the bistable
switch and the coil are coupled in series connection. An
electric power supply current to a circuit or sub-circuit
protected by the subsea fuse device may be fed through
the series connection of the bistable switch and the coil.
Under normal operation conditions of the circuit or sub-
circuit the electric current may be lower than in case of
a short circuit or a failure of the circuit or sub-circuit. The
coil may be dimensioned such that the electric current at
normal operation conditions does not generate a mag-
netic field which is sufficiently large to switch the bistable
switch from the closed switching state to the open switch-
ing state. However, the much higher electrical current in
case of a short circuit or a failure may generate a suffi-
ciently high magnetic field to cause a switchover of the
bistable switch from the closed switching state to the
open switching state. Thus, a reliable protection of the
circuit or sub-circuit can be provided without additional
circuitry.

[0017] According to another embodiment, the subsea
fuse device comprises a control unit which is configured
to determine an electrical current through the bistable
switch and to control the magnetic field generated by the
coil depending on the electrical current through the bist-
able switch. The electrical current through the bistable
switch may be determined as it is known in the art. For
example, avoltage drop over aresistor, a so-called shunt,
in a series connection with the bistable switch may be
determined. As another example, a magnetic field in-
duced by the electric current through the first and second
terminal wires of the bistable switch may be determined
with a magnetic field sensor, and the electric current may
be calculated based on information from the magnetic
field sensor. The determined electrical current through
the bistable switch may be compared with a threshold
value and in case the determined electrical current ex-
ceeds the threshold value, the control unit may control
or activate the coil to generate a magnetic field to switch
the bistable switch from the closed switching state to the
open switching state. The threshold value may be con-
figurable via a control input of the control unit. Thus, the
subsea fuse device may be used to protect a wide variety
of circuits and sub-circuits.

[0018] According to a further embodiment, the subsea
fuse device comprises furthermore a magnet configured
to provide a magnetic field which pretensions the bistable
switch into one of the first and second switching states.
In combination with the magnetic field generated by the



5 EP 3 240 008 A1 6

coil the bistable property of the bistable switch may be
achieved.

[0019] According to an embodiment, the bistable
switch of the subsea fuse device comprises a changeo-
ver switch. The bistable changeover switch comprises a
third terminal wire. For example, in the first switching
state, the first terminal wire may be in contact with the
second terminal wire, and in the second switching state
the first terminal wire may be in contact with the third
terminal wire. The outer envelope provides a third
feedthrough opening through which the third terminal
wire of the bistable changeover switch is extending. At
the third feedthrough opening, an outer circumferential
surface of the third terminal wire is in contact with an
inner circumferential surface of the third feedthrough
opening and seals the third feedthrough opening. In the
second switching state, the third terminal wire may be
used to indicate that the subsea fuse device has broken
the connection between the first terminal wire and the
second terminal wire. Furthermore, in case of the above-
described series connection of the coil and the bistable
switch, the third terminal wire may be used to provide an
electrical current for switching back the bistable switch
after the bistable switch has opened the connection be-
tween the first terminal wire and the second terminal wire.
[0020] According to another aspect of the present in-
vention, a subsea device is provided which comprises
an enclosure and an electric circuitry arranged within the
enclosure. The electric circuitry comprises the above de-
scribed subsea fuse device for protecting the electric cir-
cuitry from overcurrent or short circuit.

[0021] According to an embodiment, the enclosure of
the subsea device is filled with a fluid, for example a di-
electric fluid or oil, and comprises a volume and pressure
compensator which balances the pressure inside the en-
closure to the pressure prevailing in an environment of
the enclosure. In other words, the subsea device is pres-
sure compensated and the fluid filled into the enclosure
is pressure compensated, which means that the fluid
filled into the enclosure is pressurized with essentially
the same pressure prevailing outside the subsea device.
For example, in a subsea environment in a depth of for
example 3000 m, the prevailing pressure may be approx-
imately 300 bars. The electric circuitry inside the enclo-
sure may be reliably protected from overcurrent by the
use the of the subsea fuse device which is also pressu-
rized as the bistable switch inside the subsea fuse device
is completely sealed from this environmental pressure
and is operating at a preset pressure of for example one
bar or even less, for example in an evacuated state.
[0022] Although specific features are described in the
above summary and the following detailed description in
connection with specific embodiments and aspects of the
presentinvention, it is to be understood that the features
of the embodiments and aspects may be combined with
each other unless specifically noted otherwise.
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Brief description of the drawings

[0023] The present invention will now be described in
more detail with reference to the accompanying draw-
ings.

Figure 1 shows schematically a subsea device ac-
cording to an embodiment of the present invention.

Figure 2 shows schematically a subsea fuse device
according to an embodiment of the present inven-
tion.

Figure 3 shows schematically a subsea fuse device
according to another embodiment of the present in-
vention.

Detailed description of the drawings

[0024] In the following, exemplary embodiments of the
invention will be described in more detail. It is to be un-
derstood that the features of the various exemplary em-
bodiments described herein may be combined with each
other unless specifically noted otherwise. Same refer-
ence signs in the various drawings refer to similar or iden-
tical components and a repetitive description of these
components may be omitted.

[0025] Figure 1 shows asubseadevice 10, forexample
a subsea canister, which may be arranged in a subsea
environment for housing electrical components or an
electric circuitry 11. A data and energy supply connection
12 may be provided for communicating with other com-
ponents arranged in other subsea devices and for sup-
plying the electric circuitry 11 with electrical energy. The
data and energy supply connection 12 may extend from
an interior of the subsea device 10 to an exterior of the
subsea device 10. The subsea device 10 may be ar-
ranged and operated in a deep sea environment, for ex-
ample in a depth of up to 3000 m or even deeper. Hence,
the subsea device 10 comprises an enclosure 13 which
protects the interior of the enclosure 13 from the envi-
ronment, for example from salt water.

[0026] For dealing with the high pressures present in
deep sea environments, one of the following construc-
tions of subsea devices may commonly be used. As one
alternative, a pressure resistant enclosure may be pro-
vided, which has a close to atmosphere internal pressure.
This enables the use of conventional electric and elec-
tronic components inside the enclosure. Such enclo-
sures need to have relatively thick and robust walls and
are therefore bulky and heavy, since they have to with-
stand high differential pressures. As another alternative,
pressurized or pressure compensated enclosures may
be used. Pressure compensated enclosures comprise a
volume/pressure compensator which balances the pres-
sure inside the enclosure to the pressure prevailing in
the ambient seawater. The enclosure 13 shown in Fig. 1
comprises such a volume/pressure compensator indicat-
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ed by reference sign 14. The pressure compensated en-
closure 13 may be filled with a fluid 17, for example oil
or a dielectric fluid, and components operated inside the
pressure compensated enclosure 13 are made to be op-
erable under high pressure conditions. The pressure/vol-
ume compensator 14 compensates variations in the vol-
ume of the fluid 17 filling the enclosure 13, which may
occur due to variations in ambient pressure or due to
variations in temperature of the fluid 17. Temperature
changes may be caused by deployment of the subsea
device at the subsea location or by internal heating, for
example due to electric losses.

[0027] The electric circuitry 11 may comprise partial or
sub-circuits 15 and 16. Some of the sub-circuits 15 and
16 may have to be protected from overload, overcurrent
or short circuits. Therefore, in the power supply connec-
tion 12 to the sub-circuit 15, a subsea fuse device 20 is
provided. The electric circuitry 11 may comprise for ex-
ample a printed circuit board on which the subsea fuse
device 20 as well as the sub-circuits 15 and 16 are ar-
ranged. The electric circuitry 11 may comprise further
subsea fuse devices for protecting further sub-circuits
which are not shown in Fig. 1 for clarity reasons.
[0028] The interior of the enclosure 13 may be filled
with fluid 17, for example an isolating dielectric oil. Con-
sequently, the subsea fuse device 20 may be surrounded
by the fluid 17 and may be in direct contact with the fluid
17. Due to the pressure compensation of the enclosure
13 via the pressure compensator 14, the fluid 17 may be
pressurized at essentially the same pressure as it is pre-
vailing outside the enclosure 13. In subsea applications,
this pressure may be for example a few hundred bars.
Therefore, the subsea fuse device 20 has to be capable
of operating reliably under these high pressure condi-
tions.

[0029] Fig. 2 shows an embodiment of the subsea fuse
device 20 of Fig. 1 in more detail. The subsea fuse device
20 comprises a fuse housing 21 and the bistable switch
comprising a first terminal wire 22, a second terminal wire
23 and an optional third terminal wire 24. The fuse hous-
ing 21 may have a tubular form and may be made of a
glass tube. In general, the fuse housing 21 may be made
as a one-piece outer envelope, which completely enclos-
es a hollow space 25 in which at least a part of each of
the terminal wires 22 to 24 is arranged. At the ends of
the tubular housing 21 in the longitudinal direction,
feedthrough openings for the terminal wires 22 to 24 are
provided. The housing 22 has a first feedthrough opening
28 at the left-hand side, and a second feedthrough open-
ing 29 as well as a third feedthrough opening 30 at the
right-hand side. The first terminal wire 22 is extending
through the first feedthrough opening 28. The second
terminal wire 23 is extending through the second
feedthrough opening 29. The third terminal wire 24 is
extending through the third feedthrough opening 30. At
the first feedthrough opening 28, an outer circumferential
surface of the first terminal wire 22 is in direct contact
with an inner circumferential surface of the first
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feedthrough opening 28 and seals the first feedthrough
opening 28. At the second feedthrough opening 29, an
outer circumferential surface of the second terminal wire
23isindirect contact with aninnercircumferential surface
of the second feedthrough opening 29 and seals the sec-
ond feedthrough opening 29. Likewise, at the third
feedthrough opening 30, an outer circumferential surface
of the third terminal wire 24 is in direct contact with an
inner circumferential surface of the third feedthrough
opening 30 and seals the third feedthrough opening 30.
Due to the direct contact, no additional sealing means
are needed. Furthermore, the terminal wires 22 to 24 are
held in position by the feedthrough openings.

[0030] Inside the housing 21, the terminal wires 22 to
24 compose a changeover switch. The second and third
terminal wires 23 and 24 may be arranged in parallel with
a gap between them. The first terminal wire 22 may be
arranged such that its end tip inside the housing 21 may
contact selectively one of the end tips of the second and
third terminal wires 23 and 24. Thus, depending on the
position of the first terminal wire 22, an electrical contact
may be provided either between terminal wires 22 and
23 or between terminal wires 22 and 24. The changeover
switch may be a bistable changeover switch. Bistable
means that after applying a force for moving the change-
over switch into one of the switching states, the switch
remains in this switching state even if no further actuating
force is provided. The changeover switch shown in Fig.
2 may be actuated by applying a magnetic force. The
magnetic force may be generated by a coil 26 which may
be energized with an electrical current to provide the
magnetic force. Additionally, a permanent magnet 27
may be arranged as shown in Fig. 2 for providing a per-
manent magnetic field. The bistable property of the
changeover switch may be achieved as described in the
following.

[0031] The first terminal wire 22 may be made of a
magnetic material. Furthermore, the first terminal wire 22
may be mechanically pre-tensioned into the direction of
the second terminal wire 23 such that the first terminal
wire 22 is pressed against the second terminal wire 23
as shown in Fig. 2 if no further force is acting thereon.
Due to the magnetic property of the first terminal wire 22,
the first terminal wire 22 is pulled into the direction of the
permanent magnet 27. However, the magnetic force of
the permanent magnet 27 is selected to be not sufficient
to move the first terminal wire 22 away from the second
terminal wire 23 againstthe pretension. When a magnetic
field is generated by the coil 26, this magnetic field may
cooperate with the magnetic field of the permanent mag-
net 27 such that an enlarged resulting magnetic field is
acting on the firstterminal wire 22. This enlarged resulting
magnetic field may be sufficient to move the first terminal
wire 22 away from the second terminal wire 23 and in
contact with the third terminal wire 24. When the coil 26
is de-energized, the first terminal wire 22 is held in its
current position in contact with the third terminal wire 24
by the magnetic field of the permanent magnet 27. Due
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to the shorter distance between the first terminal wire 22
and the permanent magnet 27 in this position, the mag-
netic field of the permanent magnet 27 is sufficient to
keep the first terminal wire 22 in this position against the
mechanical pretension of the first terminal wire 22. For
switching the first terminal wire 22 back into contact with
the second terminal wire 23, a reverse magnetic field
may be generated by the coil 26 such that a lowered
resulting magnetic field is acting on the first terminal wire
22. The lowered resulting magnetic field enables that the
first terminal wire 22 is moving back into contact with the
second terminal wire 23 due to its mechanical pretension.
[0032] An electric current through the coil 26 maybe
controlled by a control unit 31 based on an electric current
flowing through the subsea fuse device 20 to the sub-
circuit 15. For example, an energy supply current is flow-
ing through the first terminal wire 22 and the second ter-
minal wire 23 to the sub-circuit 15. For measuring the
electrical current flowing into the sub-circuit 15, a resistor
32 may be provided in the connection between the sec-
ond terminal wire 23 and the sub-circuit 15. A voltage
drop over the resistor 32 indicates the electrical current
flowing into the sub-circuit 15. The control unit 31 may
compare the determined electrical current flowing into
the sub-circuit 15 with a threshold value and may ener-
gize the coil 26 if the threshold value is exceeded. As a
result, the current flow through the subsea fuse device
20 is interrupted.

[0033] The control unit 31 may comprise afurtherinput
for configuring the threshold value for activating the coil.
Furthermore, the control unit 31 may comprise a config-
uration input for receiving a command to re-establish the
electrical current flow between the first terminal wire 22
and the second terminal wire 23. When receiving such a
command to re-establish the electrical current flow, the
control unit 31 may energize the coil 26 in a reverse di-
rection to move the first terminal wire 22 into contact with
the second terminal wire 23 as described above. Thus,
the sub-circuit 15 may be protected reliably from over-
current and short circuit.

[0034] Asthewholefusehousing21issealedincluding
the feedthrough openings 28 to 30, the bistable switch
may be operated under predefined pressure conditions,
for example at a pressure of 1 atm or in a vacuum inside
the housing 21. Furthermore, the fluid 17 outside the fuse
housing 21 may not be contaminated by switching oper-
ations of the bistable switch within the housing 21, for
example by a loss of material of the terminal wires 22 to
24 when being switched. Finally, the tubular form of the
housing 21 provides a significant pressure resistance
such that the subsea fuse device 20 may be used in the
above-described high pressure environment without
breaking.

[0035] Thefusehousing 21 may be made of glass. The
glass tube may be bonded onto the metallic terminal
wires 22 to 24 ensuring a sealed tube. For example, dur-
ing production of the subsea fuse device 20, the terminal
wires 22 to 24 may be arranged in a glass tube with open
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ends. Each end of the glass tube is heated such that it
seals around the corresponding terminal wires 22 to 24.
The ceiling areas at both ends of the glass tube are in-
dicated in Fig. 2 by reference signs 28 to 30. Thermal
expansion coefficients of the metal of the terminal wires
22 to 24 and the glass may be selected similar to prevent
cracks as they cool during production. For example,
those parts of the terminal wires 22 to 24 which are ex-
tending from the housing 21 may be soldered to a printed
circuit board of the electric circuitry 11.

[0036] Inthe above-described subsea fuse device, the
coil 26 is wound around the housing 21. However, this
is only an example and the coil may be arranged at any
other suitable position inside or outside the housing 21.
However, arranging the coil outside the housing 21
avoids additional feedthroughs at the housing 21.
[0037] The terminal wires 22 and 23 may be dimen-
sioned according to the carrying current and voltage rat-
ing. The housing 21 may be filled with gas or produced
with vacuum depending on the voltage level. The terminal
wires 22 to 24 may be uniform or non-uniform and may
consist of one or several materials.

[0038] Fig. 3 shows anotherembodimentofthe subsea
fuse device 20. The subsea fuse device 20 of Fig. 3 does
not require the control unit 31 for controlling the current
through the coil 26. Instead, the operating current for en-
ergizing the sub-circuit 15 is additionally fed through the
coil 26. This is accomplished by connecting the first ter-
minal wire 22 to the coil 26 as shown in Fig. 3. A current
to be supplied to the sub-circuit 15 for supplying the sub-
circuit 15 with electrical energy is supplied to the second
terminal wire 23 and via the connection to the first termi-
nal wire 22 and the coil 26 to the sub-circuit 15. The
number of windings of the coil 26 may be dimensioned
according to a normal current flow and possible overcur-
rent. In detail, the windings of the coil 26 are dimensioned
such that normal current does not create a magnetic field
strong enough to actuate the bistable switch, but the short
circuit current does. When the subsea fuse device 20 is
tripped, the first terminal wire 22 is in contact with the
third terminal wire 24. In this state, a reverse current may
be applied to the third terminal wire to reset the subsea
fuse device 20 into its operating and conducting state.
[0039] The subseafuse device 20 enables an isolation
of a faulty sub-circuit 15 in an oil-filled and pressurized
environment. However, the subsea fuse device 20 may
be used in other applications in subsea devices, for ex-
ample for implementing redundancy and providing over-
current protection. Using the subsea fuse device 20 may
avoid an interrupted service, high-cost of replacing the
oil, or a total failure of larger systems, when a fuse does
not break as intended, in particular in subsea devices
which are often placed in high ambient pressure environ-
ments which are inaccessible, for example at the sea-
floor, and which may make maintenance difficult and ex-
pensive.
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Claims

1.

A subsea fuse device, comprising:

- a fuse housing (21),

- a bistable switch configured to be selectively
switched into afirst switching state and a second
switching state by applying a magnetic field, and
- a coil (26) configured to generate the magnetic
field depending on an electrical current flowing
through the bistable switch, wherein the fuse
housing (21) comprises a one-piece outer en-
velope which completely encloses a hollow
space (25) and provides a first feedthrough
opening (28) and a second feedthrough opening
(29).

wherein the bistable switch is arranged within the
hollow space (25) of the fuse housing (21), wherein
a first terminal wire (22) of the bistable switch is ex-
tending through the first feedthrough opening (28)
and a second terminal wire (23) of the bistable switch
is extending through the second feedthrough open-
ing (29),

wherein, at the first feedthrough opening (28), an
outer circumferential surface of the first terminal wire
(22) isin contact with aninner circumferential surface
of the first feedthrough opening (28) and seals the
first feedthrough opening (28), and

wherein, at the second feedthrough opening (29), an
outer circumferential surface of the second terminal
wire (23) is in contact with an inner circumferential
surface of the second feedthrough opening (29) and
seals the second feedthrough opening (29).

The subsea fuse device according to claim 1, where-
in the outer envelope is pressure resistant.

The subsea fuse device according to claim 1 or claim
2,

wherein the coil (26) is arranged outside the outer
envelope.

The subsea fuse device according to any one of the
preceding claims, wherein the outer envelope has a
tubular form, and wherein the first and second
feedthrough openings (28, 29) are arranged at op-
posite ends of the tubular envelope.

The subsea fuse device according to any one of the
preceding claims, wherein the outer envelope is her-
metically sealed apart from the first and second
feedthrough openings (28, 29).

The subsea fuse device according to any one of the
preceding claims, wherein the outer envelope is
made of an electrically isolating material.
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1.

12.

13.

The subsea fuse device according to any one of the
preceding claims, wherein the outer envelope is
made of at least one material of a group comprising:

- glass,
- ceramics, and
- resin.

The subsea fuse device according to any one of the
preceding claims, wherein the bistable switch and
the coil (26) are coupled in a series connection.

The subsea fuse device according to any one of the
preceding claims, further comprising:

- a control unit (31) configured to determine an
electrical current through the bistable switch and
to control the magnetic field generated by the
coil (26) depending on the electrical current
through the bistable switch.

The subsea fuse device according to claim 9, where-
in the control unit (31) comprises a control input for
configuring a current threshold value, wherein the
control unit (31) is configured to compare the elec-
trical current through the bistable switch with the cur-
rent threshold value and to control the magnetic field
generated by the coil (26) depending on the com-
parison.

The subsea fuse device according to any one of the
preceding claims, further comprising:

-amagnet (27) configured to provide a magnetic
field biasing the bistable switch into one of the
first and second switching states.

The subsea fuse device according to any one of the
preceding claims, wherein the bistable switch com-
prises a changeover switch,

wherein the outer envelope provides a third
feedthrough opening (30), wherein a third terminal
wire (24) of the bistable changeover switch is ex-
tending through the third feedthrough opening (30),
wherein, at the third feedthrough opening (30), an
outer circumferential surface of the third terminal
wire (24) is in contact with an inner circumferential
surface of the third feedthrough opening (30) and
seals the third feedthrough opening (30).

A subsea device, comprising:
- an enclosure (13), and
- an electric circuitry (11) arranged within the

enclosure (13),

wherein the electric circuitry (11) comprises a sub-
sea fuse device (20) according to any one of the
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preceding claims.

The subsea device according to claim 13, wherein
the enclosure (13) is filled with a fluid (17) and com-
prises a volume/pressure compensator (14) which
balances the pressure in the enclosure (13) to the
pressure prevailing in an environment of the enclo-
sure (13).
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