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Description

[0001] The presentinvention relates to a residual-cur-
rent device, such as for example a residual-current cir-
cuit breaker, having improved functional characteristics.
[0002] In general, a residual-current device is a de-
vice which is suitable to directly or indirectly interrupt the
flow of current in an electrical circuit when a residual
current occurs. A typical example of residual-current de-
vice is constituted by a residual-current circuit breaker,
and particular reference is made hereinafter to this spe-
cific embodiment without thereby intending in any way
to restrict the scope of application of the device accord-
ing to the present invention. Document EP 0 548 731
discloses a device according to the preamble of claim 1.
[0003] Itis known that a residual-current circuit break-
er is an automatic circuit breaker for AC circuits which
opens when the vector sum of the currents in the con-
ductors of the circuit, which is zero in normal conditions,
exceeds a preset value; the main characteristic of said
circuit breakers is that they achieve extremely short cir-
cuit opening and closure times.

[0004] Residual-currentcircuit breakers are generally
meant to prevent metallic parts, such as for example the
enclosures of electrical appliances and the metallic
masses of the protected area which are connected to
an earth system of appropriate resistance, from becom-
ing live; indirect protection is thus achieved. Moreover,
if said circuit breakers are sufficiently sensitive and fast-
acting, in certain conditions they can also provide pro-
tection against contact with normally live parts, thus pro-
viding direct protection.

[0005] A residual-current circuit breaker is shown
schematically in Figure 1. Said circuit breaker compris-
es a sensor | for detecting the residual fault current, gen-
erally constituted by a magnetic core in which the neutral
2 and the phase 3 pass, said neutral and phase being
connected to a load (not shown), and by a secondary
winding 4 across which a voltage is generated when the
fault current is present. If an earth fault current occurs,
the voltage generated across the secondary winding is
supplied to an actuator 6 by means of a suitable elec-
tronic coupling system 5 which is interposed between
the sensor 1 and the actuator 6. In turn the actuator ac-
tuates a release or disengagement mechanism 7 which
opens the contacts 8 and 9 of the circuit and thus inter-
rupts the power supply.

[0006] One of the main drawbacks of conventional re-
sidual-current circuit breakers is the fact that the actua-
tors currently in use are of the electromagnetic type, typ-
ically electromagnetic relays of the demagnetization
type. These relays are in fact sensitive to magnetic fields
and this can cause several drawbacks: for example, the
presence of a magnetic field can cause unwanted and
unwarranted actuation of the actuator, or an external
magnetic field might alter the magnetization of the elec-
tromagnetic relay, consequently modifying the sensitiv-
ity of the residual-current circuit breaker and negatively
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affecting its performance.

[0007] Another drawback is the fact that electromag-
netic actuators have a mechanically complicated struc-
ture which is sensitive to impacts and vibrations; this can
cause untimely interventions of the circuit breaker and
negatively affects its overall reliability. The cost is also
high.

[0008] The aim of the present invention is to provide
aresidual-current device which is insensitive to external
magnetic fields, so as to avoid untimely interventions.
[0009] Within the scope of this aim, an object of the
present invention is to provide a residual-current device
which comprises an actuator which has a simplified
structure and is insensitive to impacts and vibrations, so
as to improve the performance and overall reliability of
said circuit breaker.

[0010] Another object of the present invention is to
provide a residual-current device which is highly relia-
ble, relatively easy to manufacture and at competitive
costs.

[0011] This aim, these objects and others which will
become apparent hereinafter are achieved by a residu-
al-current device which comprises an actuator which is
operatively connected to kinematic means adapated
open electrical contacts following the detection, by a
sensor, of an earth fault current, whereby said actuator
comprises a bistable metallic element which is opera-
tively connected to said kinematic means and to which
at least one piezoelectric element is coupled, said pie-
zoelectric element being excited by an electrical signal
as a consequence of the detection of said fault current
and inducing a movement of the metallic element from
afirst stable equilibrium position to a second stable equi-
librium position, the bistable metallic element actuating
said kinematic means by way of said movement; said
device further comprising reset means which are adapt-
ed to return the bistable metallic element to the first sta-
ble equilibrium position before the contacts close again.
[0012] In this manner, by using a piezoelectric actua-
tor, the device according to the invention is insensitive
to external magnetic fields and is therefore immune to
untimely and unwanted interventions.

[0013] Further characteristics and advantages of the
device according to the invention will become apparent
from the following detailed description of preferred but
not exclusive embodiments thereof, illustrated only by
way of non-limitative example in the accompanying
drawings, wherein:

Figure 1 is a block diagram of a residual-current cir-
cuit breaker;

Figure 2 is a schematic view of a first embodiment
of an actuator which can be applied in the residual-
current device according to the present invention;
Figure 3 is a schematic view of a second embodi-
ment of the actuator that can be used in the resid-
ual-current device according to the present inven-
tion;
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Figure 4 is a schematic view of a third embodiment
of the actuator that can be used in the residual-cur-
rent device according to the present invention;
Figure 5 is a view of a detail of the actuator of Figure
4;

Figure 6 is a schematic view of a fourth embodiment
of the actuator that can be used in the residual-cur-
rent device according to the present invention;
Figure 7 is a schematic view of a fifth embodiment
of the actuator that can be used in the residual-cur-
rent device according to the present invention;
Figure 8 is a schematic view of a sixth and preferred
embodiment of the actuator, operatively associated
with means suitable to reset said actuator;

Figure 9 is a side view of the actuator of Figure 8,
in which the bistable metallic element has reduced
transverse cross-sections;

Figure 10 is a plan view of the actuator of Figure 8,
in which the bistable metallic element has thinner
transverse cross-sections produced by means of
notches;

Figure 11 is a view of a second embodiment of the
reset means of the actuator used in the device ac-
cording to the present invention;

Figure 12 is a view of a third embodiment of the re-
set means of the actuator used in the device accord-
ing to the present invention.

[0014] Withreference to Figure 1, the residual-current
circuit breaker comprises an actuator 6 which is opera-
tively connected to kinematic means 7 for opening the
contacts 8 and 9 of the circuit breaker following the de-
tection of an earth fault current by a sensor 1.

[0015] Advantageously, in the device according to the
invention the actuator 6 comprises a bistable metallic
element which is operatively connected to the kinematic
means 7 and with which at least one piezoelectric ele-
ment is operatively associated. If an earth fault current
occurs, the voltage generated across the secondary
winding 4 of the sensor 1 is supplied to the piezoelectric
element, either directly or preferably by means of a suit-
able electronic coupling system 5 interposed between
the sensor 1 and the actuator 6. The electrically activat-
ed piezoelectric element undergoes deformation, induc-
ing a movement of the bistable metallic element from a
first stable equilibrium position to a second stable equi-
librium position. By way of this movement, the bistable
metallic element transmits a movement to the kinematic
means 7, which open the contacts and interrupt the pow-
er supply.

[0016] In a first embodiment, shown in Figure 2, the
actuator 6 comprises a bistable element which is con-
stituted by a metallic lamina 11 in which a first end is
connected to a supporting body 20, for example the
case of the circuit breaker; suitable compression means
act on a second end of the lamina 11 which is opposite
and substantially parallel to the first one so as to keep
the lamina loaded in a first stable equilibrium position.
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Said compression means comprise, for example, an
abutment element 13 which is fixed to the second end
ofthe lamina and a loading spring 12 which is interposed
between the supporting element 20 and the abutment
element 13. Advantageously, at least one piezoelectric
element 10 is arranged in contact with the abutment el-
ement 13; in a preferred embodiment, the piezoelectric
element 10 is a bimorph element, i.e., it is constituted
by two mutually parallel layers of piezoelectric material.
In this manner, when an electrical stress is applied, one
piezoelectric element layer deforms by contracting while
the other one deforms by elongating. As shown in Figure
2, an element 30 which acts as an electrode is inter-
posed between the two piezoelectric layers.

[0017] In case of earth fault, the piezoelectric element
10 is supplied by the voltage generated across the sec-
ondary winding 4 of the current sensor 1, either directly
or preferably by means of the electronic coupling system
5. The electric power supply induces a deformation in
the two layers that constitute the piezoelectric element
10; this allows to reduce the loading force that retains
the metallic element 11 below its critical threshold, i.e.,
the threshold beyond which the metallic element passes
from a first stable equilibrium configuration, shown in
solid lines, to a second stable equilibrium position,
shown in dashed lines.

[0018] The movement from the first position to the
second position actuates an actuation element 14, for
example a pin, which is meant to actuate the kinematic
means 7 for opening the contacts of the circuit protected
by the residual-current device.

[0019] Asshownin Figure 3, in a second embodiment
of the actuator used in the device according to the in-
vention the bistable metallic lamina, now designated by
the reference numeral 111, is substantially M-shaped.
In particular, the lamina 111 has two end portions, which
are substantially straight and mutually parallel and are
fixed to a supporting element 120, and an arc-shaped
central portion which in practice reproduces the config-
uration of the lamina 11 of Figure 1. In this manner, the
lamina 111 is arranged in a first stable equilibrium posi-
tion and makes it unnecessary to use the spring 12 and
the abutment element 13. The arc-shaped central por-
tion has, on one of its faces, two mutually spaced pie-
zoelectric elements 100, each element being constitut-
ed by one or more layers of piezoelectric material. In
this case, as a consequence of the supply of the voltage
due to a fault current, the piezoelectric elements 100 un-
dergo deformation, transmitting a bending moment to
the metallic lamina 111, which snaps from the initial sta-
ble equilibrium configuration to the second stable equi-
librium position, shown in dashed lines, and actuates an
actuation element 14.

[0020] Also in this case, it is possible to arrange the
layers of piezoelectric material in a mutually bimorph
configuration.

[0021] Figure 4 is a view of a third embodiment of the
actuator 6, in which the lamina made of metallic mate-
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rial, now designated by the reference numeral 211, is
kept in a first stable equilibrium position by means of a
compression spring 212 which is arranged between two
L-shaped elements of an external supporting body 220.
[0022] The piezoelectric elements are constituted, in
this case, by two pairs of layers of piezoelectric material,
designated by the reference numerals 200a and 200b
respectively, which face each other and have the lamina
211 interposed between them, as shown in detail in Fig-
ure 5.

[0023] Figure 6 illustrates a fourth embodiment of the
actuator 6, which differs from the embodiment of Figure
4 in that on the lamina made of metallic material, here
designated by the reference numeral 311, there are, on
a same face of the lamina, a first piezoelectric element
and a second piezoelectric element, both designated by
the reference numeral 300, which are mutually spaced
on the face of said lamina.

[0024] Figure 7 is a view of a fifth embodiment of the
actuator 6, which differs from the embodiment shown in
Figure 3 in that it has two piezoelectric elements 400
which are arranged on the substantially straight portions
of the M-shaped lamina 411.

[0025] Figure 8 illustrates a sixth particularly pre-
ferred embodiment of the actuator 6 used in the residu-
al-current device according to the invention. In this case,
the lamina 511 has two substantially parallel ends which
are fixed, preferably by interlocking coupling, to a sup-
porting element 520, for example the case of the circuit
breaker; two piezoelectric elements 500 are fixed to the
two opposite faces of one of said parallel ends, are ar-
ranged in a mutually bimorph configuration and are also
at least partially fixed to the support. In this manner, the
lamina is keptin a first stable equilibrium position, shown
in solid lines in Figure 8; when an earth fault condition
occurs, the piezoelectric elements 500 are excited by a
supply voltage, as described earlier, and by undergoing
deformation they generate a bending moment which in-
duces the movement of the lamina from the first stable
equilibrium position to the second stable equilibrium po-
sition, shown in dashed lines in Figure 8. By at least par-
tially fixing to the support the piezoelectric elements as
well, in practice a rigid mutual coupling of the piezoelec-
tric elements and the lamina occurs in which the piezo-
electric elements behave like a pivot and allow the op-
timum transfer of the bending moment only to the useful
part of the free lamina.

[0026] The lamina, in moving from the first equilibrium
position to the second equilibrium position, actuates an
actuation element 14, for example a pin, which is meant
to actuate the kinematic means 7 for opening the con-
tacts of the circuit protected by the residual-current de-
vice.

[0027] Advantageously, as shown in Figures 9 and
10, the lamina 511 includes one or more functional hing-
es 530 in its structure which are obtained by means of
a local reduction in its transverse cross-section. In par-
ticular, the hinges can be provided either by means of
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notches having a suitable shape, obtained by removing
material as shown in Figure 10, or by reducing the thick-
ness of the lamina, for example by lamination or electri-
cal discharge machining, as shown in Figure 9. The
hinges 530 can be formed proximate to the section of
the lamina that is coupled to the piezoelectric elements
500, proximate to the opposite end of the lamina 511
which is rigidly coupled to the support, or in both of said
regions, and have a dual function: proximate to the end
of the lamina that is not associated with the piezoelectric
elements 500, they facilitate the optimum movement of
the lamina from the first equilibrium position to the sec-
ond one; proximate to the piezoelectric elements, they
instead allow to stabilize the lamina in the two chosen
equilibrium positions. Moreover, the simultaneous pres-
ence of the hinges in both regions allows their mutual
cooperation in performing the above described func-
tions.

[0028] Clearly, the hinges, as well as the fixing ot the
lamina and of the piezoelectric elements, can be used
in all the embodiments previously described.

[0029] Another advantageous aspect of the invention
is the fact that the two ends of the lamina are fixed to
the support 520 in two positions which are mutually stag-
gered with respect to a median plane 550 of the lamina
in the non-deformed configuration. This solution allows
to minimize the amount of energy required for the lamina
to snap from the first equilibrium position to the second
equilibrium position and allows to utilize in an optimum
manner the limited energy that can be obtained from the
fault.

[0030] Alsoin this case, the movement of the metallic
lamina 511 actuates a pin 14 for transferring motion and
force to the kinematic means 7 for opening the contacts.
Advantageously, the residual-current device according
to the invention comprises reset means which allow to
reset the actuator and therefore to prepare said device
for a new intervention before the contacts are closed
again.

[0031] Said reset means can be obtained by using the
pin 14, with which a shaped head 15 is associated, said
head having a shape which is suitable to perform the
correct resetting of said actuator. In this case, resetting
can be achieved directly after actuation, following the
rebound of said pin assisted by a return spring 16 which
is controlled for example by a lever for restoring electri-
cal continuity, such as for example the lever for closing
the contacts of the circuit breaker again. When the cir-
cuit breaker opens, the lever disengages the spring 16,
which transfers its energy to the pin 14 either directly or
by means of the interposition of a transmission mecha-
nism suitable for the purpose. As a consequence of the
movement of the pin 14, the shape of the head 15 cou-
ples geometrically to the surface of the lamina and in-
duces its precise movement to the first stable equilibri-
um position. In this position the actuator is ready for a
new intervention.

[0032] As shown schematically in Figure 11, in an al-
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ternative embodiment of the actuator reset means the
pin 14 only has the purpose of transferring motion and
force to the kinematic system for opening the contacts;
in this case, the reset function is performed by a cam
521 which is pivoted in the support 520 of the actuator.
In practice, by restoring the device by acting for example
on the lever for closing the main contacts of the circuit
breaker, the rotary motion of the lever is transmitted to
the cam 521, for example by means of two pulleys, not
shown, one pulley being keyed on the axis of the closure
lever, the other pulley being keyed on the rotation axis
of the cam. The cam 521, by rotating about its own axis
in the direction indicated by the arrow 522, makes con-
tact with the lamina 511, forcing the end section of the
piezoelectric elements 500 to bend downward; said
bending is sufficient to exceed the value required to re-
store the operating conditions for release. At the same
time, the head of the cam moves along the lamina, fa-
cilitating the reloading action by means of the tangential
component of the thrust force applied thereby, without
forcing excessively the cross-section at the piezoelec-
tric elements and therefore avoiding possible breakage.
Snap action of the lamina is thus achieved while the cam
is still pushing against it, maintaining the end section of
the piezoelectric elements beyond the bending required
for correct resetting. Once the snap action for resetting
the lamina has occurred, the cam moves away from con-
tact with the lamina, thus allowing the piezoelectric ele-
ments to return to the operating condition for interven-
tion. At the end of the resetting operation, the cam has
turned through 360 degrees, so as to be ready for the
subsequent resetting of the lamina and so as to be in
such a position that it does not interfere with a subse-
quent snap action of said actuator. Said rotation can be
achieved by correctly choosing the dimensions of the
mechanism for transmitting motion from the circuit
breaker closure lever to said cam.

[0033] This solution ensures exact repeatability of the
reloading action over time; moreover, by means of an
appropriate shaping of the cam head it is possible to
achieve optimum values of the force components ap-
plied by the cam to the lamina, avoiding impacts with
the piezoelectric elements which might damage the ac-
tuator and shorten its operating life.

[0034] A further embodiment of the reset means is
shown in Figure 12. In this case, during the opening of
the main contacts a pin 14 moves in a track 701 formed
in the supporting structure 520 and transmits motion to
the kinematic means 7 for opening the contacts; at the
same time, suitable guides 702 associated with the pin
move beyond a first unidirectional spring 710 which pre-
vents the pin from falling back along the same section
of the track 701.

[0035] By acting on the closure lever of the main con-
tacts, the movement of the lever is transmitted by means
of appropriate kinematic systems to the guides 702,
which slide along a track 703 until the pin is placed at a
section which is proximate to the piezoelectric elements.
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In this position, the head of the pin begins to push
against the lamina; by following the rotation of the lever,
the pin moves in the track 703 and its head simultane-
ously slides along said lamina.

[0036] A position is thus reached in which the config-
uration is not stable and the lamina snaps, returning into
the initial stable equilibrium position. Once resetting has
been performed, the pin continues to slide along the
track 703 and abandons contact with the lamina, avoid-
ing any interference during the subsequent snap action
thereof. At the end of the movement, the pin resumes
the operating position for release, while the guides 702
move beyond a second unidirectional spring 711 so that
they cannot return along the track 703 during release.
The shape of the tracks can obviously be configured dif-
ferently according to specific requirements.

[0037] Clearly, the reset means for resetting the actu-
ator can be used in an equivalent manner in all the em-
bodiments previously described.

[0038] Inpracticeit has been observed thatthe device
according to the invention fully achieves the intended
aim and objects, since it has an actuator which is fully
insensitive to external magnetic fields, thus allowing to
avoid untimely interventions; moreover, its structure is
constructively simple and allows to considerably in-
crease the overall reliability of the device, allowing in
particular to have high repeatability of the opening inter-
ventions and correct and precise resetting of said de-
vice. Further, the device can be constituted by a resid-
ual-current circuit breaker, as previously described, or
by a residual-current block, i.e. a block which is gener-
ally coupled to a thermomagnetic circuit breaker.
[0039] Attention is also drawn to the fact that all the
innovative functions and the inventive aspects of the de-
vice can be achieved by using commonly commercially
available elements and materials with extremely low
costs.

[0040] The device thus conceived is susceptible of
numerous modifications and variations, all of which are
within the scope of the inventive concept; all the details
may also be replaced with other technically equivalent
elements, as defined by the claims.

[0041] In practice, the materials employed, so long as
they are compatible with the specific use, as well as the
dimensions, may be any according to requirements and
to the state of the art.

Claims

1. A residual-current device comprising an actuator
(6) which is operatively connected to kinematic
means (7) adapted to open electrical contacts fol-
lowing the detection, by a sensor, of an earth fault
current. characterized in that said actuator com-
prises a bistable metallic element (11) which is op-
eratively connected to said kinematic means and to
which at least one piezoelectric element (10) is op-
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eratively coupled, said piezoelectric element being
excited by an electrical signal as a consequence of
the detection of said fault current and inducing a
movement of the bistable metallic element from a
first stable equilibrium position to a second stable
equilibrium position, the bistable metallic element
actuating said kinematic means by way of said
movement; said device further comprising reset
means (14) which are adapted to return the bistable
metallic element into the first stable equilibrium po-
sition before the contacts close again.

The residual-current device according to claim 1,
characterized in that said bistable metallic ele-
ment comprises a metallic lamina which has two op-
posite ends which are fixed to a supporting structure
so as to assume said first stable equilibrium posi-
tion, two piezoelectric elements arranged in a mu-
tually bimorph configuration being fixed corre-
spondingly on the two opposite faces of one of said
opposite ends.

The residual-current device according to claim 2,
characterized in that said two opposite ends are
fixed to the supporting structure in mutually stag-
gered positions with respect to a median plane of
the lamina in the non-deformed configuration.

The residual-current device according to claim 1,
characterized in that said bistable metallic ele-
ment comprises a metallic lamina having a first end
which is fixed to a supporting structure and a sec-
ond end which is opposite to the first end and on
which compression means act, said compression
means being suitable to apply an axial stress to the
lamina and to keep it in said first stable equilibrium
position.

The residual-current device according to claim 4,
characterized in that said compression means
comprise an abutment element which is fixed to
said second end of the lamina and on which a load-
ing spring acts, two piezoelectric elements ar-
ranged in a mutually bimorph configuration further
acting on said abutment element.

The residual-current device according to claim 1,
characterized in that said bistable metallic ele-
ment comprises a metallic lamina having two oppo-
site ends which are fixed to a supporting structure
which comprises two parts which are mutually con-
nected by way of the interposition of a loading
spring, said loading spring being suitable to apply
an axial stress to the metallic lamina in order to keep
it in said first stable equilibrium position.

The residual-current device according to claim 6,
characterized in that a first piezoelectric element
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10.

1.

12.

13.

14.

15.

and a second piezoelectric element are arranged
on a same face of said metallic lamina and are mu-
tually spaced.

The residual-current device according to claim 6,
characterized in that two pairs of piezoelectric el-
ements are fixed on said metallic lamina, each one
of said pairs being constituted by at least two mu-
tually facing and mutually parallel laminae made of
piezoelectric material, the metallic lamina being in-
terposed between them.

The residual-current device according to claim 1,
characterized in that said bistable metallic ele-
ment comprises a metallic lamina which is substan-
tially M-shaped and has two substantially straight
and mutually parallel ends, which are fixed to a sup-
porting structure, and a curved central portion, on
one face of which two piezoelectric elements are
fixed, each piezoelectric element being constituted
by one or more laminae made of piezoelectric ma-
terial.

The residual-current device according to claim 1,
characterized in that said bistable metallic ele-
ment comprises a substantially M-shaped metallic
lamina which has a central curved portion and two
substantially straight and mutually parallel ends
which are fixed to a supporting structure, at least
one piezoelectric element being associated with
each one of said straight ends.

The residual-current device according to one or
more of claims 2 to 10, characterized in that hing-
es are provided on the surface of the bistable me-
tallic element.

The residual-current device according to claim 11,
characterized in that said hinges comprise shaped
notches which are provided on the surface of the
bistable metallic lamina.

The residual-current device according to claim 11,
characterized in that the bistable metallic element
has a transverse cross-section whose thickness
varies along its longitudinal extension in order to
provide said hinges.

The residual-current device according to claim 1,
characterized in that the reset means comprise a
pin which is operatively associated with a return
spring, said pin having a shaped head which is suit-
able to interact geometrically with the surface of
said bistable metallic element.

The residual-current device according to claim 1,
characterized in that the reset means comprise a
cam which is pivoted to a supporting structure and
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is operatively connected to a contact closure lever.

The residual-current device according to claim 1,
characterized in that the reset means comprise a
pin which can slide in tracks formed in a supporting
element of the actuator and has a shaped head
which is suitable to interact with the surface of the
bistable metallic element, said tracks containing
unidirectional springs for guiding said pin during the
repositioning of the bistable metallic element in the
first stable equilibrium position.

The residual-current device according to one or
more of the preceding claims characterized in that
it is a residual-current circuit breaker or a residual-
current block.

Patentanspriiche

1.

Reststromvorrichtung, umfassend ein Aktuator (6),
welcher wirkend mit kinematischen Mitteln (7) ver-
bundenist, angepasst, um Kontakte zu 6ffnen, nach
der Erfassung, durch einen Sensor, eines Erd-
schlussstroms, dadurch gekennzeichnet, dass
der Aktuator ein bistabiles metallisches Element
(11) umfasst, welches wirkend mit den kinemati-
schen Mitteln verbunden ist und an welches minde-
stens ein piezoelektrisches Element (10) wirkend
gekoppelt ist, wobei das piezoelektrische Element
angeregt wird durch ein elektrisches Signal als Fol-
ge der Erfassung des Fehlerstroms und zu einer
Bewegung des bistabilen metallischen Elements
von einer ersten stabilen Gleichgewichtsposition zu
einer zweiten stabilen Gleichgewichtsposition flhrt,
wobei das bistabile metallische Element die kine-
matischen Mittel betatigt mittels der Bewegung; wo-
bei die Vorrichtung ferner Ricksetz-Mittel (14) um-
fasst, welche angepasst sind, das bistabile metalli-
sche Element in die erste stabile Gleichgewichts-
position zuriickzusetzen, bevor die Kontakte sich
wieder schlieRen.

Reststromvorrichtung gemaf Anspruch 1, dadurch
gekennzeichnet, dass das bistabile metallische
Element eine metallische Zunge umfasst, welche
zwei gegeniberliegende Enden besitzt, welche an
einer tragenden Struktur befestigt sind, um eine er-
ste stabile Gleichgewichtsposition anzunehmen,
wobei zwei piezoelektrische Elemente, die in einer
wechselseitig bimorphen Konfiguration angeordnet
sind, entsprechend auf den gegeniberliegenden
Seiten eines der gegeniiberliegenden Enden befe-
stigt sind.

Reststromvorrichtung gemafl Anspruch 2, dadurch
gekennzeichnet, dass zwei gegenuberliegende
Enden an der tragenden Struktur in wechselseitig
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gestuften Positionen im Hinblick auf eine Mittelebe-
ne der Zunge in der nicht-verformten Konfiguration
befestigt sind.

Reststromvorrichtung gemaR Anspruch 1, dadurch
gekennzeichnet, dass das bistabile metallische
Element eine metallische Zunge umfasst, welche
ein erstes Ende besitzt, welches an einer tragenden
Struktur befestigt ist und ein zweites Ende, welches
dem ersten Ende gegenuberliegt und auf welches
Kompressionsmittel wirken, wobei die Kompressi-
onsmittel geeignet sind, eine axiale Belastung auf
die Zunge auszuuben und sie in der ersten stabilen
Gleichgewichtsposition zu halten.

Reststromvorrichtung gemaR Anspruch 4, dadurch
gekennzeichnet, dass die Kompressionsmittel ein
Widerlagerelement umfassen, welches an dem
zweiten Ende der Zunge befestigt ist, und auf wel-
ches eine Ladefeder wirkt, wobei zwei piezoelektri-
sche Elemente, die in einer wechselseitig bimor-
phen Konfiguration angeordnet sind, ferner auf das
Widerlagerelement wirken.

Reststromvorrichtung gemaR Anspruch 1, dadurch
gekennzeichnet, dass das bistabile metallische
Element eine metallische Zunge umfasst, welche
zwei gegenuberliegende Enden besitzt, welche an
einer tragenden Struktur befestigt sind, welche zwei
Teile umfasst, die wechselseitig, im Wege der Zwi-
schenschaltung einer Ladefeder, verbunden sind,
wobei die Ladefeder geeignet ist, eine axiale Bela-
stung auf die metallische Zunge auszuiiben, um
diese in der ersten stabilen Gleichgewichtsposition
zu halten.

Reststromvorrichtung gemaR Anspruch 6, dadurch
gekennzeichnet, dass ein erstes piezoelektri-
sches Element und ein zweites piezoelektrisches
Element auf einer gleichen Flache der metallischen
Zunge angeordnet sind und wechselseitig vonein-
ander Abstand haben.

Reststromvorrichtung gemaR Anspruch 6, dadurch
gekennzeichnet, dass zwei Paare von piezoelek-
trischen Elementen auf der metallischen Zunge be-
festigt sind, wobei jedes der Paare durch minde-
stens zwei wechselseitig sich zugewandte und
wechselseitig parallele Zungen gebildet wird, wel-
che aus piezoelektrischem Material gemacht sind,
wobei die metallische Zunge zwischen diesen ge-
lagert ist.

Reststromvorrichtung gemaR Anspruch 1, dadurch
gekennzeichnet, dass das bistabile metallische
Element eine metallische Zunge umfasst, welche
im Wesentlichen M-férmig ist und zwei im Wesent-
lichen gerade und wechselseitig parallele Enden
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besitzt, welche auf einer tragenden Struktur befe-
stigt sind, und einen gekrimmten zentralen Be-
reich, auf einer Seite von welchen zwei piezoelek-
trische Elemente befestigt sind, wobei jedes piezo-
elektrische Element durch zwei oder mehr Zungen,
die aus piezoelektrischem Material gemacht sind,
gebildet wird.

Reststromvorrichtung gemafl Anspruch 1, dadurch
gekennzeichnet, dass das bistabile metallische
Element eine im Wesentlichen M-formige metalli-
sche Zunge umfasst, welche einen zentralen ge-
krimmten Bereich und zwei im Wesentlichen gera-
de und wechselseitig parallele Enden besitzt, wel-
che auf einer tragenden Struktur befestigt sind, wo-
bei mindestens ein piezoelektrisches Element je-
dem der geraden Enden zugeordnet ist.

Reststromvorrichtung gemafn einem oder mehrerer
der Anspriche 2 bis 10, dadurch gekennzeichnet,
dass Gelenke auf der Oberflache des bistabilen
metallischen Elements vorgesehen sind.

Reststromvorrichtung gemaf® Anspruch 11, da-
durch gekennzeichnet, dass die Gelenke geform-
te Kerben umfassen, welche auf der Oberflache der
bistabilen metallischen Zunge vorgesehen sind.

Reststromvorrichtung gemaf Anspruch 1, dadurch
gekennzeichnet, dass das bistabile metallische
Element einen Querschnitt besitzt, dessen Dicke
entlang seiner longitudinalen Ausdehnung variiert,
um die Gelenke bereitzustellen.

Reststromvorrichtung gemaf Anspruch 1, dadurch
gekennzeichnet, dass die Ricksetz-Mittel einen
Stift umfassen, welcher wirkend mit einer Rickhol-
feder verbunden ist, wobei der Stift einen geformten
Kopf besitzt, welcher geeignet ist, geometrisch mit
der Oberflache des bistabilen metallischen Ele-
ments zusammenzuwirken.

Reststromvorrichtung gemaf Anspruch 1, dadurch
gekennzeichnet, dass die Ricksetz-Mittel eine
Nocke umfassen, welche drehbar auf einer tragen-
den Struktur befestigt ist und mit einem Kontakt-
schlieRhebel wirkend verbunden ist.

Reststromvorrichtung gemaf Anspruch 1, dadurch
gekennzeichnet, dass die Ricksetz-Mittel einen
Stift umfassen, welcher in Spuren gleiten kann, die
in einem tragenden Element des Aktuators gebildet
sind, und einen geformten Kopf besitzt, welcher ge-
eignet ist, mit der Oberflache des bistabilen metal-
lischen Elements zusammenzuwirken, wobei die
Spuren unidirektionale Federn zum Fihren des
Stifts wahrend der Neupositionierung des bistabilen
metallischen Elements in der ersten stabilen

10

15

20

25

30

35

40

45

50

55

Gleichgewichtsposition enthalten.

17. Reststromvorrichtung geman einem oder mehrerer

der vorhergehenden Anspriiche, dadurch gekenn-
zeichnet, dass sie ein Reststrom-Schaltkreisunter-
brecher oder ein Reststrom-Block ist.

Revendications

Un dispositif a courant résiduel, comprenant un ac-
tionneur (6), relié fonctionnellement a des moyens
cinématiques (7) adaptés pour ouvrir des contacts
électriques a la suite de la détection, par un capteur,
d'un courant d'anomalie de terre, caractérisé en ce
que ledit actionneur comprend un élément métalli-
que (11) bistable, relié fonctionnellement auxdits
moyens cinématiques, et auquel au moins un élé-
ment piézoélectrique (10) est couplé fonctionnelle-
ment, ledit élément piézoélectrique étant excité par
un signal électrique, en conséquence de la détec-
tion dudit courant d'anomalie, etinduisant un dépla-
cement de I'élément métallique bistable, d'une pre-
miére position d'équilibre stable a une deuxiéme
position d'équilibre stable, I'élément métallique bis-
table actionnant lesdits moyens cinématiques par
le biais dudit déplacement ; ledit dispositif compre-
nant, en outre, des moyens de remise a I'état initial
(14), adaptés pour ramener I'élément métallique
bistable a la premiére position d'équilibre stable
avant que le contact se referme.

Dispositif a courant résiduel selon la revendication
1, caractérisé en ce que ledit élément métallique
bistable comprend une lame métallique ayant deux
extrémités opposées, fixées sur une structure sup-
port pour prendre ladite premiéere position d'équili-
bre stable, deux éléments piézoélectriques agen-
cés en configuration mutuellement bimorphe étant
fixés de maniére correspondante sur les deux faces
opposées d'une desdites extrémités opposées.

Dispositif a courant résiduel selon la revendication
2, caractérisé en ce que lesdites deux extrémités
opposées sont fixées sur la structure support en
des positions mutuellement échelonnées par rap-
port a un plan médian de la lame, a la configuration
non déformée.

Dispositif a courant résiduel selon la revendication
1, caractérisé en ce que ledit élément métallique
bistable comprend une lame métallique ayant une
premiére extrémité fixée a une structure support et
une deuxiéme extrémité opposée a la premiere ex-
trémité, sur laquelle agissent des moyens de com-
pression, lesdits moyens de compression conve-
nant pour appliquer une contrainte axiale au lame
et pour le maintenir a ladite premiére position
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d'équilibre stable.

Dispositif a courant résiduel selon la revendication
4, caractérisé en ce que lesdits moyens de com-
pression comprennent un élément de butée, fixé a
ladite deuxiéme extrémité de la lame, et sur lequel
agit un ressort de charge, deux éléments piézoé-
lectriques, agencés en configuration mutuellement
bimorphe, agissant en outre sur ledit élément de bu-
tée.

Dispositif a courant résiduel selon la revendication
1, caractérisé en ce que ledit élément métallique
bistable comprend une lame métallique, ayant deux
extrémités opposées, fixées a une structure sup-
port comprenant deux parties reliées mutuellement
par interposition d'un ressort de charge, ledit ressort
de charge convenant pour appliquer une contrainte
axiale au lame métallique, pour le maintenir a la la-
dite premiére position d'équilibre stable.

Dispositif a courant résiduel selon la revendication
6, caractérisé en ce qu'un premier élément pié-
zoélectrique et un deuxiéme élément piézoélectri-
que sont agencés sur la méme face de ladite lame
métallique et sont mutuellement espacés.

Dispositif a courant résiduel selon la revendication
6, caractérisé en ce que deux paires d'éléments
piézoélectriques sont fixées sur ladite lame métal-
lique, chacune desdites paires étant formée d'au
moins deux lames se faisant mutuellement face, et
mutuellement paralléles, réalisés en matériau pié-
zoélectrique, la lame métallique étant interposée
entre eux.

Dispositif a courant résiduel selon la revendication
1, caractérisé en ce que ledit élément métallique
bistable comprend une lame métallique sensible-
ment en forme de M, et présente deux extrémités
sensiblement rectilignes et mutuellement parallé-
les, fixées sur une structure support, et une partie
centrale incurvée sur une face de laquelle sont fixés
deux éléments piézoélectriques, chaque élément
piézoélectrique étant constitué par un ou plusieurs
lames réalisées en matériau piézoélectrique.

Dispositif a courant résiduel selon la revendication
1, caractérisé en ce que ledit élément métallique
bistable comprend une lame métallique sensible-
ment en forme de M, ayant une partie incurvée cen-
trale et deux extrémités sensiblement rectilignes et
mutuellement paralléles, qui sont fixées a une
structure support, au moins un élément piézoélec-
trique étant associé a chacune desdites extrémités
rectilignes.

Dispositif a courantrésiduel selon I'une ou plusieurs
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des revendications 2 a 10, caractérisé en ce que
des charniéres sont prévues sur la surface de I'élé-
ment métallique bistable.

Dispositif a courant résiduel selon la revendication
11, caractérisé en ce que lesdites charniéres com-
prennent des encoches profilées, prévues sur la
surface de la lame métallique bistable.

Dispositif a courant résiduel selon la revendication
11, caractérisé en ce que I'élément métallique bis-
table a une section transversale dont I'épaisseur va-
rie dans sa dimension longitudinale afin de produire
lesdites charniéres.

Dispositif a courant résiduel selon la revendication
1, caractérisé en ce que les moyens de remise a
I'étatinitial comprennent une tige associée fonction-
nellement a un ressort de rappel, ladite tige ayant
une téte profilée, convenant pour interagir géomé-
triguement avec la surface dudit élément métallique
bistable.

Dispositif a courant résiduel selon la revendication
1, caractérisé en ce que les moyens de remise a
I'état initial comprennent une came montée a pivo-
tement sur une structure support et reliée fonction-
nellement a un levier de fermeture de contact.

Dispositif a courant résiduel selon la revendication
1, caractérisé en ce que les moyens de remise a
I'état initial comprennent une tige pouvant coulisser
dans des pistes formées dans un élément support
de l'actionneur, et présentent une téte profilée con-
venant pour interagir avec la surface de I'élément
métallique bistable, lesdites pistes contenant des
ressorts unidirectionnels devant guider ladite tige
durant le repositionnement de I'élément métallique
bistable a la premiére position d'équilibre stable.

Dispositif a courant résiduel selon I'une ou plusieurs
dans revendications précédentes, caractérisé en
ce qu'il s'agit d'un coupe-circuit a courant résiduel
ou d'un bloc a courant résiduel.
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