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Device for protecting an electrical circuit fed by an alternating current which can be
integrated into a contactor

The invention relates to the protection of an electrical circuit
fed by an alternating current, and more particularly the integration of a
fuse into a mobile contactor coupled to an electrical circuit fed by an
alternating current.

A fused circuit breaker is used primarily as a safety device in
electrical or electronic circuits. The role of a safety device of this type
is to open an electrical circuit with which it is associated when the
current flowing through the latter reaches a dangerous intensity,
thereby returning this current to a zero intensity. A protection of this
type generally guarantees the integrity of the electrical circuit, and
more particularly the integrity of the power supply circuit and the
restoration into service of the circuit once the fault has been cleared.
A circuit breaker thus allows the potentially catastrophic consequences
which a lasting overcurrent or short circuit would cause, such as, for
example, degradation of the insulators, destruction of the electronic
equipment, melting of material or even the start of a fire.

A fused circuit breaker, more simply referred to as a “fuse”,
operates through the melting of a fuse element. The melting of the fuse
element is caused by the temperature rise due to the overcurrent
passing over the fuse. The fuse generally comprises a conductive part,
for example a conductive filament or a strip made of a fusible metal or
alloy, mounted in an insulating body and connected to two connection
pieces. When the current passing over the conductive part exceeds the
rating, i.e. the intensity threshold above which the conductive part
begins to melt, the conductive part of the fuse melts and opens the
circuit.

The insulating body of the fuse may contain air or a material
intended to absorb the thermal energy released during the melting of
the conductive part. Silica powder or an insulating liquid may thus be

used to fill the internal volume of the body. The insulating body is
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generally implemented in the form of a ceramic or glass laminate
cylinder, the ends of which are each provided with a crimped metal
bell which is coupled, on the one hand, to the conductive part disposed
inside the insulating body and, on the other hand, to a connection tab.

The main disadvantage of a safety device of this type lies in
the occupied volume. In the case of a mobile contactor mounted in a
reduced space, a safety device of this type cannot be mounted on the
contactor without the volume in which the contactor is mounted being
changed.

The invention proposes to overcome this disadvantage by
proposing a device and a method for protecting an electrical circuit
which can be implemented in an electrical device such as a contactor,
realised in such a way that the additional occupancy volume of the
protected contactor is limited. Another object of the invention is to
propose a protection device which can be integrated into an electrical
device and is simple to implement.

According to one aspect, a device is proposed in one
embodiment for protecting an electrical circuit fed by an alternating
current, comprising a housing and a fuse element disposed in the
housing.

According to one general characteristic of the invention, the
housing comprises a first portion and a second portion which are
mobile in relation to one another, and elastic means suitable for
causing the first portion to bear against the second portion and causing
the housing to be set in a closed state.

The first portion and the second portion are separated from one
another in the event of the appearance of an electric arc generated
following the melting of the fuse element, notably caused by a short
circuit. In fact, the melting of the fuse element and its consecutive
vaporisation cause an increase in the temperature and consequently the
pressure inside the housing, forcing the first portion and the second
portion to move apart from one another when the internal pressure
becomes substantial.
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Advantageously, the elastic means are implemented in such a
way as to allow the separation of the first portion and the second
portion of the housing when the pressure in the housing is greater than
a threshold.

The first portion and the second portion of the housing thus
become separated from one another when the pressure in the housing is
greater than a pressure threshold corresponding to the recoil force of
the elastic means.

The protection device preferably comprises at least two
connection terminals coupled on either side of the fuse element and
fixed onto the second portion, the first and second portions being
implemented in such a way that they become separated from one
another according to the direction defined by the two connection
terminals.

The first portion may comprise a groove suitable for form.ing,
with the second portion, a closed tunnel around the two connection
terminals and the fuse.

The opening of the housing according to the direction defined
by the two connection terminals facilitates the expansion of the
electric arc outside the housing, and consequently factilitates the
breaking of the electric arc when the housing closes. In fact, by
opening the housing according to the direction defined by the two
connection terminals, the opening via which the electric arc can extend
outside the housing is greater than if, for example, the housing opened
according to a direction orthogonal to the direction defined by the two
connection terminals.

The . first portion and the second portion of the housing
preferably comprise a material with a non-carbonisable surface on
their inner surface.

The generation of an electric arc in the housing causes a
substantial temperature increase. The use of a non-carbonisable
material to implement at least the inner surface of the housing
prevents the electric arc from burning parts of the inner surface of the

housing, then leaving traces of carbon on this surface. These traces of
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carbon would encourage disruptive discharges and consequently the
reformation of the electric arc.

Advantageously, the fuse may comprise at least one brazed
joint implemented between the two connection terminals.

A brazed joint is a point of the fuse element which is thinner
than over the remainder of the fuse. The implementation of one or
more brazed joints in the fuse allows the place where the fuse will
break and where the arc will be generated to be controlled, and also
the intensity of the current for which the fuse element melts and
breaks to be controlled.

According to a different aspect, an electrical contactor is
proposed comprising a switching element suitable for opening or
closing an electrical circuit fed by an alternating current, and control
means suitable for controlling the switching element to open or close
the electrical circuit.

According to one general characteristic, the switching element
comprises a protection device. A switching element of this type can be
implemented in such a way as to comprise a housing separable into
two portions along a direction defined by the two connection terminals
to which the fuse element is coupled.

The contactor preferably comprises electrical coupling
terminals connected to the electrical circuit, the switching element
comprises at least two connection studs connected respectively to the
connection terminals of the protection device, and the control means
comprise movement means coupled to the switching element and
allowing the switching element to be moved between an open position
of the electrical circuit where the connection studs are decoupled from
the electrical coupling terminals and a closed position of the electrical
circuit where the connection studs are coupled to the electrical
coupling terminals.

The movement means of the mobile contactor may comprise an
clectromagnet coupled to a movement bar to which the switching
clement 1is mechanically coupled. The bar, activated by the
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electromagnet, moves the mobile switching element towards and
outside the electrical coupling terminals.

The contactor preferably comprises elastic contact means
coupled to the movement means in such a way as to bring the
switching element to the closed position of the electrical circuit, the
elastic contact means comprising said elastic means of the protection
device.

The elastic contact means and said elastic means of the
protection device can be combined.

The contactor can thus comprise a spring mechanically coupled
between the bar of the electromagnet and the switching element. The
first objective of this spring is to maintain a pressure force on the
switching element in order to keep it in contact with the electrical
coupling terminals. The second objective of this spring is also to serve
as elastic means of the protection device allowing the first portion and
the second portion of the housing to be kept together in such a way as
to keep the tunnel of the housing closed until the pressure inside the
housing exceeds the threshold.

The contactor may advantageously be a contactor with a power
greater than 30A or an RCCB (Remote Control Circuit Breaker).

According to a different aspect, a method is proposed in one
embodiment for protecting an electrical circuit fed by an alternating
current, comprising the generation of an electric arc following the
melting of a fuse element in a housing caused by a current increase
linked to a short circuit.

According to one general characteristic, the protection method
comprises:

a) an opening of the housing,

b) an expansion of the electric arc outside the housing,

c) aclosing of the housing,

d) a breaking of the electric arc when the housing closes,

e) a repetition of steps a) to d) if the electric arc is reformed.

The pressure, temperature and current conditions and the

dimensions of the portions of the fuse element, inter alia, permitting,
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it is possible that an electric arc will again form following a closure of
the housing breaking the preceding electric arc. In fact, if the short-
circuit current is high and the distance separating the two portions of
the fuse element, i.e. the two portions not yet having been vaporised,
is relatively short, it is possible that an electric arc will form.

Advantageously, the housing opens when the pressure in said
housing is greater than a threshold and closes when said pressure is
below the threshold, the pressure in said housing reducing when the
absolute value of the alternating current reduces.

The pressure in the housing also reduces with the opening of
the housing over a greater volume. This pressure reduction also
contributes to the overall reduction of the pressure in the housing
allowing the closure of the housing.

Other advantages and characteristics of the invention can be
gleaned from the detailed description of different embodiments of the
invention which are in no way limiting, and the attached drawings, in
which:

- Figure 1 shows a cross-section view of a mobile contactor
comprising a switching element according to one
embodiment of the invention;

- Figure 2 shows a cross-section view according to a
transverse plane of the mobile contactor in Figure 1;

- Figure 3 shows a cross-section view according to a
longitudinal plane of the mobile contactor in Figure 1;

- Figure 4 shows a flow diagram of a protection method
according to one embodiment;

- Figure 5 shows an example of curves representing the
voltage and current on the connection terminals during the
appearance of an electric arc.

Figure 1 shows a cross-section view of a mobile contactor 1
comprising a switching element 2 according to one embodiment of the
invention;

The mobile contactor 1 is intended to be mounted on a power

circuit of an aircraft to allow the opening or closure of the power
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circuit via the movement of the switching element 2. The contactor 1
comprises poles 3, or electrical coupling terminals, which are
electrical contacts which allow the current in the power circuit to be
established and interrupted.

The contactor 1 also comprises a control circuit and auxiliary
contacts. These auxiliary contacts are intended to provide information
on the state of the contactor (open or closed). The control circuit of
the mobile contactor 1 also comprises an electromagnet 5. This
electromagnet 5 comprises a copper coil and a magnetic circuit
composed of a fixed part 51 and a mobile part 52. When the
electromagnet 5 is supplied with power, a current flows through the
coil which generates a magnetic fiecld channelied by the magnetic
circuit causing the mobile part 52 to move closer, thereby closing or
opening the contact. This control circuit may advantageously be
alternating, in which case the magnetic circuit will be able to be
laminated.

The mobile part 52 of the electromagnet 5 is coupled to the
contactor 2 via a spring 6. The spring 6 allows a pressure force to be
applied to the contactor 2 in such a way that it is kept in contact with
the poles 3 when the mobile part 52 is lowered.

The mobile contactor 2 is presented in a detailed manner in
Figures 2 and 3 which respectively show a cross-section view
according to a transverse plane and a cross-section view according to a
longitudinal plane of the mobile contactor 2.

The mobile contactor 2 comprises a housing 10 containing a
first portion 11 and a second portion 12 mechanically coupled to a
mechanical coupling element 13 intended to join the contactor 2 with
the mobile part 52 of the electromagnet 5. The mechanical coupling
element 13 orthogonally crosses the first portion 11 and the second
portion 12. The spring 6 is mounted on the mechanical coupling
element 13 in such a way as to be disposed above the first portion 11,

supported on a surface opposite the surface facing the second portion
12.
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The first portion 11 comprises a groove 14 implemented so that
it does not cross the mechanical coupling element 13 and so that it
does not emerge onto one of the ends of the first portion 11. Thus,
when the first portion 11 is in contact with the second portion 12, the
groove 14 forms a tunnel T closed at each end.

In the embodiment shown, the second portion 12 is
implemented in such a way as to comprise a plate made from ceramic
or a different material with a non-carbonising surface. The first
portion 11 can be implemented in the same material or in a different
material with a non-carbonising surface.

The second portion 12 comprises two connection terminals 15
between which a fuse 16 is connected. The connection terminals 15
and the fuse 16 are disposed on the second portion 12 in such a way
that, when the first portion 11 is in contact with the second portion 12,
i.e. when the housing 10 is closed, the tunnel T formed by the tunnel
14 and the second portion 12 comprises the fuse 16, and each
connection terminal 15 is disposed at one end of the tunnel T. The
groove 14 may be wider at its ends in such a way as to adapt to the
size and shape of the connection terminals 15.

The connection terminals 15 are mounted on a surface of the
second portion 12 facing the first portion 11, and are fixed in such a
way as to be each respectively coupled to a connection stud 17 fixed
on the opposite surface of the second portion 12.

The fuse 16 may be a filament or a conductive ribbon. In the
embodiment shown in Figure 3, the fuse 16 comprises a primer 18
corresponding to a section of the filament, the cross-section of which
is smaller than over the remainder of the fuse 16. This primer 18 thus
defines the breakpoint of the fuse 16 when an overcurrent, i.e. a
current with an intensity greater than the nominal intensity, passes
through said fuse. The diameter of the cross-section of the fuse 16 in
the primer 18 also allows a precise definition of the value of the
current as from which the fuse 16 must melt. If the primer 18 is not

used, the fuse material must be a good thermal conductor so that the
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connections allow the ends of the fuse to cool and therefore cause
melting in the central part of the fuse.

With reference to Figure 4, the coupler 1 which has just been
described operates in the following manner.

When a current with an intensity greater than the nominal
operating current passes over the fuse 16 for a prolonged period, the
fuse 16 heats up, particularly in the primer 18 or in the middle of the
fuse, increasing the resistivity of the fuse 16 as a function of
temperature until it breaks at the brazed joint 18. The fuse 16 having
heated up, the temperature in the tunnel T of the housing 10 rises.
When the fuse breaks, the intensity of the current and the ambient
temperature in the tunnel T are such that an electric arc is generated
between the two portions of the broken fuse (step 301).

The electric arc thus generated between the two remaining
portions of the fuse 16 electrically couples the two portions of the fuse
16, again increasing the temperature of the fuse 16 and the ambient
temperature in the tunnel T. The increase in temperature of the fuse 16
continues until the fuse 16 vaporises (step 302). The vaporisation of
the fuse 16 causes an increase in the temperature and consequently an
increase in the pressure inside the tunnel T of the housing 10,

When the pressure inside the housing 10, and notably in the
tunnel T, is greater than a pressure threshold (step 310), the first
portion 11 and the second portion 12 become separated, causing the
opening of the tunnel T (step 320). The pressure threshold corresponds
to the pressure force exerted by the spring 6 on the first portion 11.

Once the tunnel T of the housing 10 is open, the electric arc
extends outside the tunnel T (step 330).

The current being an alternating current, when the absolute
value of the current reduces to approach a zero value, the intensity of
the current in the electric arc reduces (step 340). The reduction in the
intensity of the electric arc results in a fall in temperature and
consequently a fall in pressure. Furthermore, the opening of the
housing 10 has also resulted in an additional fall in pressure in the
tunnel T of the housing 10,
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10

The effect of these two falls in pressure (step 350) is to reduce
the pressure in the housing 10, and notably in the tunnel T, to a value
below the pressure threshold, then causing the closing of the housing
10 (step 360).

The closing of the housing 10, and therefore the tunnel T, is
effected when the electric arc is outside the space defined by the
tunnel T. The closing of the housing 10 therefore causes the breaking
of the electric arc {step 370).

If the vaporisation of the fuse 16 is not complete, so that
portions of the fuse 16 remain close when they are still fed by a high-
intensity overcurrent, it is possible that the electric arc will be
regenerated (step 380). The steps 310 to 370 are then reiterated until
the electric arc can no longer be regenerated, and the break takes
effect.

Figure 5 shows a first curve representing the voltage V on the
terminals of the fuse 16, i.e. measured between the two connection
terminals 15, and a second curve representing the current [ in amperes
passing through the fuse 16. The two curves are shown as a function of
time under conditions showing an example of generation of an electric
arc.

In this example, before time t,, the current normally oscillates
between -780A and 780A, and the voltage oscillates very slightly
around a zero voltage. At time t,, the fuse 16 melts and an electric arc
is generated. It is then observed that the arc voltage increases
progressively while the current reduces until time t;, when the current
is interrupted, the break of the electric arc then having been effected.

Between time t; and time t;, each time that the current is
nullified, the housing 10 re-closes, breaking the electric arc. Any
regeneration of the electrical arc is represented on the voltage curve
by a voltage peak. This voltage peak is clearly observable on each
half-sine wave on the voltage curve V. With each half-sine wave of
current, following a regeneration of the electric arc following the
current nullification, the temperature and pressure again increase,

causing a new opening of the housing 10 before the absolute value of
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1

J

the current reduces and is nullified. A fall in pressure, a closing of the
housing 10, and consequently a breaking of the electric arc which had
extended outside the tunnel T of the housing 10 are then observed.

This example shows a case of substantial overcurrent for which
a plurality of cycles of opening and closing of the housing 10 are
necessary to finally break the electric arc. Under different conditions,
the electric arc can be finally broken as from the first closing of the
housing 10.

The invention thus allows a device to be provided for
protecting against a short circuit integrated in a contactor, the
implementation of which is simple and the added weight compared
with the original contactor is negligible.
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CLAIMS

1. Device for protecting an electrical circuit fed by an
alternating current, comprising a housing (10) and a fusec element (16)
disposed in the housing (10), characterised in that the housing (10)
comprises a first portion (11) and a second portion (12) which are
mobile in relation to one another, and elastic means (6) suitable for
causing the first portion (11} to bear against the second portion (12)
and causing the housing (10) to be set in a closed state.

2. Device according to Claim 1, in which the elastic means (6)
are implemented in such a way as to allow the separation of the first
portion (11) and the second portion (12) of the housing (10) when the
pressure in the housing (10) is greater than a threshold.

3. Device according to one of Claims | or 2, comprising at least
two connection terminals (15) coupled on either side of the fuse
element (16) and fixed onto the second portion (12), the first and
second portions being implemented in such a way that they become
separated from one another according to the direction defined by the
two connection terminals (15).

4. Device according to one of Claims 1 to 3, in which the first
portion (11) and the second portion (12) of the housing (10) comprise
- a material with a non-carbonising surface on their inner surface.

5. Device according to one of Claims 3 or 4, in which the fuse
element (16) comprises at least one brazed joint (18) implemented
between the two connection terminals (15).

6. Electrical contactor (1) comprising a switching element (2)
suitable for opening or closing an electrical circuit fed by an
alternating current, and control means suitable for controlling the
switching element (2) to open or close the electrical circuit,
characterised in that the switching element (2) comprises a protection
device according to one of Claims 1 to 5.

7. Electrical contactor (1) according to Claim 6, characterised
in that it comprises electrical coupling terminals (3) connected to said

electrical circuit, the switching element comprises at least two
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2

connection studs (17) connected respectively to the connection
terminals (15) of the protection device, and the control means
comprise movement means (5) coupled to the switching element (2)
and allowing the switching element (2) to be moved between an open
position of the electrical circuit where the connection studs (17) are
decoupled from the electrical coupling terminals (3) and a closed
position of the electrical circuit where the connection studs (17) are
coupled to the electrical coupling terminals (3). .

8. Electrical contactor (1) according to Claim 7, characterised
in that it comprises elastic contact means coupled to the movement
means {5) in such a way as to bring the switching element (2) to the
closed position of the electrical circuit, the elastic contact means
comprising said elastic means (6) of the protection device.

9. Electrical contactor (1) according to one of Claims 6 to 8, in
which the contactor (1) is a power contactor.

10. Method for protecting an electrical circuit fed by an
alternating current, comprising the generation of an electrical ar¢
following the melting of a fuse element (16} in a housing (10) caused
by a current increase linked to a short circuit, characterised in that it
comprises:

a) an opening of the housing (10),

b) an expansion of the electrical arc outside the housing (10),

¢) a closing of the housing (10),

d) a breaking of the electrical arc when the housing (10) closes,

e) a repetition of éteps a) to d) if the electrical arc is reformed.

11. Method according to Claim 10, in which the housing (10)
opens when the pressure in said housing (10) is greater than a
threshold and closes when said pressure is below the threshold, the
pressure in said housing (10) reducing when the absolute value of the
alternating current reduces.
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ABSTRACT

Device for protecting an electrical circuit fed by an alternating
current, comprising a housing (10) and a fuse element (16) disposed in
the housing (10).

The housing (10) comprises a first portion (11) and a second
portion (12) which are mobile in relation to one another, and elastic
means (6) suitable for causing the first portion (11) to bear against the

second portion (12) and causing the housing (10) to be set in a closed
state.

Reference: Figure 3
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