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Description

[0001] The present invention relates to an improved
circuit breaker. More particularly the present invention
relates to an improved low voltage (i.e. for voltage val-
ues lower than 1KV) circuit breaker, which is remotely
controlled during the closing operation.
[0002] It is known that low voltage circuit breakers are
aimed at interrupting the circulation of current in a power
distribution line, (for example in case of fault). This is
achieved by means of separating, generally using a suit-
able spring mechanism, two electric contacts that are
serially connected with the power distribution line (open-
ing operation). After an opening operation of the circuit
breaker has been performed, it is necessary to bring
again the circuit breaker to normal functioning condi-
tions and, therefore, to couple the electric contacts
(closing operation) of the circuit breaker, so as to allow
the current to flow. The closing operation is generally
performed by means of a manual closing mechanism. It
is known that the manual closing operation can be, in
some cases, quite difficult, particularly when the circuit
breaker is placed in a difficulty accessible position or is
placed quite far from the operator. In order to solve this
problem, remotely controlled circuit breakers have been
introduced in the state of the art. Remotely controlled
circuit breakers are commonly provided with a remotely
controlled motor arrangement, which allows the opera-
tor to perform the closing operation, without the need of
a manual intervention. In fact, a motor arrangement can
be remotely activated, so as to generate a motion, which
allows coupling the electric contacts by means of suita-
ble mechanical arrangements. After the electric con-
tacts are coupled, the motor arrangement is disengaged
from the movable contact and the circuit breaker con-
tinues its normal functioning, till a new opening opera-
tion is performed.
[0003] Known remotely controlled circuit breakers are
characterised by some drawbacks.
[0004] In fact, the mentioned remotely controlled mo-
tor arrangement generally comprises a remotely con-
trolled electric motor, whose overall size and occupied
volume is often relevant, due to the presence of the in-
ductive/capacitor circuits and/or windings. The practice
has shown that this fact makes often quite difficult to in-
stall a remotely controlled circuit breaker on a power dis-
tribution switchboard (in fact, at least a so-called four-
modules case is generally needed for including a re-
motely controlled circuit breaker of the known type). Ob-
viously, this provokes an increase of the installation
costs. Further, the presence of an electric motor makes
necessary to provide for complex mechanical arrange-
ments for transmitting the motion generated by the elec-
tric motor to the movable contact. The presence of com-
plex mechanical arrangements implies obviously a fur-
ther increase of the overall size. Moreover, the reliability
of the whole remotely controlled circuit breaker is nec-
essarily decreased, due to a higher probability of me-

chanical faults. Further, the complexity of the mechani-
cal arrangements that are commonly adopted implies
necessarily higher production costs.
[0005] The main aim of the present invention is to pro-
vide a remotely controlled circuit breaker, which allows
overcoming the drawbacks mentioned above.
[0006] Within this scope, another object of the present
invention is to provide a remotely controlled circuit
breaker, which is characterised by remarkably reduced
overall size and volume.
[0007] Another object of the present invention is to
provide a remotely controlled circuit breaker, which al-
lows achieving a strong simplification of the mechanical
arrangements and operating elements that are needed
for transmitting the motion of the movable contact, dur-
ing the closing operation of the circuit breaker.
[0008] Another object of the present invention is to
provide a remotely controlled circuit breaker, which is
characterised by a higher simplicity of installation and
higher reliability levels.
[0009] Not the least object of the present invention is
to provide a remotely controlled circuit breaker, which is
easy to fabricate at competitive costs.
[0010] Thus, the present invention provides a remote-
ly controlled circuit breaker, which comprises at least a
fixed contact and a movable contact that is coupled/de-
coupled with the fixed contact, respectively during the
closing/opening operation of the remotely controlled cir-
cuit breaker. The remotely controlled circuit breaker, ac-
cording to the present invention, further comprises re-
motely controlled motor means for coupling, by means
of motion transmission means, the movable contact to
the fixed contact during a closing operation of the circuit
breaker. The remotely controlled circuit breaker, accord-
ing to the present invention, is characterized in that the
remotely controlled motor means comprise at least a re-
motely controlled piezoelectric motor assembly. The re-
motely controlled piezoelectric motor assembly is oper-
atively connected to the motion transmission means, so
as to couple the movable contact to the fixed contact
during a closing operation of the remotely controlled cir-
cuit breaker.
[0011] Further characteristics and advantages of the
remotely controlled circuit breaker, according to the
present invention, will be better described hereinafter,
with particular reference to the enclosed figures, in
which:

figure 1 schematically illustrates a block diagram
representing schematically the basic structure of
the remotely controlled circuit breaker, according to
the present invention;
figure 2 schematically illustrates a preferred em-
bodiment of a portion of the remotely controlled cir-
cuit breaker, according to the present invention;
figure 3 schematically illustrates a block diagram
representing schematically a preferred embodi-
ment of another portion of the remotely controlled
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circuit breaker, according to the present invention;
figure 4 schematically illustrates a preferred em-
bodiment of another portion of the remotely control-
led circuit breaker, according to the present inven-
tion;
figure 5 schematically illustrates a preferred em-
bodiment of another portion of the remotely control-
led circuit breaker, according to the present inven-
tion;
figure 6 schematically illustrates another preferred
embodiment of another portion of the remotely con-
trolled circuit breaker, according to the present in-
vention.

[0012] Referring to figure 1, a block diagram illustrat-
ing the basic structure of the remotely controlled circuit
breaker (reference 1), according to the present inven-
tion, is represented.
[0013] The remotely controlled circuit breaker 1 com-
prises at least a fixed contact 3 and a movable contact
2. The movable contact 2 is coupled/uncoupled with the
fixed contact 3 respectively during the closing/opening
operation of the remotely controlled circuit breaker 1.
[0014] The remotely controlled circuit breaker 1 com-
prises further remotely controlled motor means 4, for
coupling, by means of motion transmission means 5, the
movable contact 2 to the fixed contact 3, during a closing
operation of the remotely controlled circuit breaker 1.
The remotely controlled motor means 4 comprise at
least a remotely controlled piezoelectric motor assem-
bly 6, operatively connected to the motion transmission
means 5, so as to couple the movable contact 2 with the
fixed contact 3, during a closing operation of the remote-
ly controlled circuit breaker 1.
[0015] The remotely controlled piezoelectric motor
assembly 6, comprises, advantageously, a stator ar-
rangement 7, which includes at least a piezoelectric as-
sembly 8, operatively connected to a stator frame 9. The
remotely controlled piezoelectric motor assembly 6
comprises further a rotor arrangement 10, operatively
connected the stator frame 9.
[0016] Referring now to figure 2, according to a pre-
ferred embodiment of the remotely controlled circuit
breaker 1, the stator frame 9 comprises preferably a
flange element 11. The flange element 11 is advanta-
geously provided with a base wall 13 and a projecting
wall 12, which protrudes from the base wall 13 in a sub-
stantially vertical manner. As illustrated in figure 2
(where only a portion of the flange element 11 is shown),
the piezoelectric assembly 8 comprises preferably one
or more piezoelectric elements 15 that are mechanically
coupled to the base wall 13. The piezoelectric elements
15 are advantageously excited by predefined excitation
signals 16 (see also figure 1), so as to determine an el-
liptical motion 17 of the projecting wall 12.
[0017] In fact, advantageously, two different portions
(not shown) of the piezoelectric elements 15 may be fed
with excitation signals 16 that comprise two different ul-

trasonic signals that are shifted of 90°. Therefore, the
piezoelectric elements 15 of each portion are forced to
vibrate with a 90° phase-shift. The vibration is transmit-
ted to the projecting wall 12 and two 90°-shifted "travel-
ling waves" (not shown) on the projecting wall 12 are
generated. In this manner, each point of the projecting
wall 12 is subjected to an elliptical motion 17.
[0018] The excitation signals 16 (see figure 1) may be
advantageously generated by a suitable electronic cir-
cuit 160, placed closed to the remotely controlled motor
assembly 6.
[0019] Remote control means 18, preferably placed
in a position that can be easily accessed by the operator,
generate activation signals 180 and transmit them to the
electronic circuit 160. The transmission of the activation
signals 180 may be performed according to the tech-
niques that are known to those skilled in the art. Partic-
ularly, the transmission might be performed according
to arrangements either of the traditional (electrical con-
nection) kind or the wireless kind. Alternatively, the elec-
tronic circuit 160 may be integrated with the remote con-
trol means 18.
[0020] According to this embodiment of the present
invention, the rotor arrangement 10 comprises a rotor
disc 19 (not shown in figure 2 but illustrated in figures 3
and 4). The rotor disc 19 is mechanically coupled to the
projecting wall 12, so as to be subjected to a motion of
the rotational kind.
[0021] According to a preferred embodiment of the
present invention, which is schematically illustrated in
the block diagram of figure 3, the motion transmission
means 5 preferably comprise a shaft element 20 me-
chanically connected to the rotor disc 19. The shaft el-
ement 20 might be mechanically coupled to the rotor
disc 19 or, alternatively, be integrated with structure of
the rotor disc 19. Preferably, the motion transmission
means 5 may also comprise a toggle element 21, which
is operatively connected to the shaft element 20. In prac-
tice, the mechanical co-operation of the toggle element
21 with the shaft element 20, as it will be illustrated better
in the following, may be achieved by means of a gear
assembly 22. Further, the motion transmission means 5
comprise preferably a kinematic chain 23, which oper-
atively connects the toggle element 21 with the movable
contact 2, at least during the closing operation of re-
motely controlled circuit breaker.
[0022] Referring now to figure 4, two different views
of a preferred embodiment of the gear assembly 22 are
illustrated. The gear assembly 22 comprises preferably
a pinion element 24, which is mechanically connected
to the shaft element 20, and a rotating rack element 25,
which is mechanically connected to the toggle element
21. The rotating rack element 25 mechanically cooper-
ates with the pinion element 24, so as to transmit a mo-
tion to the toggle element 21. In fact, if the rotor disc 19
rotates, for example in direction of the arrow 26, the ro-
tating rack element 25 moves in direction of the arrow
27 and, consequently, the toggle element 21 is subject-
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ed to a motion according to the direction indicated by
the arrow 28. Particularly, as it can be noticed in figure
4, the rotational motion of the rotor disc 19 is advanta-
geously transformed in a motion 28 of the toggle ele-
ment 21.
[0023] As mentioned above, the toggle element 21 is
operatively connected with the movable contact 2, dur-
ing a closing operation, by means of a kinematic chain
23. With reference of the figure 5, the kinematic chain
23 chain comprises preferably a bar mechanism 30,
which includes one or more bar elements 31 mechani-
cally connected between the movable contact 2 and the
toggle element 21, so as to transmit a motion to the mov-
able contact 2 during a closing operation. As illustrated
in figure 5, the bar mechanism 30 may comprise four
bar elements 31. This is particularly advantageous in
case the remotely controlled circuit breaker is of the
magneto-thermal kind. However, according to the
needs, the bar mechanism might comprise a different
number of bar elements 31. For example, in case a re-
motely controlled residual current circuit breaker, five
bar elements may be advantageously used. As men-
tioned above, the kinematic chain 23 allows transmitting
a motion to the movable contact 2, during a closing op-
eration of the remote controlled circuit breaker, accord-
ing to the present invention. Particularly, the bar mech-
anism 31 can be arranged, for example establishing
suitable rotational pivots, so as to transmit the motion of
the toggle element 21 to the movable contact 2. With
reference to the preferred embodiment illustrated in fig-
ure 5, a motion of the toggle element 21 in direction of
the arrow 28, provokes the translation of the rotational
pivot 35 may in direction of the arrow 32. This implies a
decrease of the angle 34 between elements 31a and 31b
of the bar mechanism 30. In this manner, the movable
contact is necessarily moved in direction of the arrow
33 and, therefore, coupled with the fixed contact 3.
[0024] As soon as the movable contact 2 is coupled
with the fixed contact 3, the toggle element 21 is me-
chanically disengaged from the kinematic chain 23. This
can be obtained by means of trip mechanisms (not
shown), whose arrangement is well known to those
skilled in the art. The same trip mechanism is able to
engage the kinematic chain 23 with the spring mecha-
nism, which is generally used for performing the sepa-
ration on the movable contact 2 from the fixed contact
3 (opening operation), when this is required. In this man-
ner, the remote controlled piezoelectric motor assembly
6 cannot have any influence on the opening operation
of the remotely controlled circuit breaker, which is es-
sentially determined by the mentioned spring mecha-
nism, according to the common market requirements
and/or standards.
[0025] When an opening operation has been per-
formed and, therefore, it is necessary to re-close the
electric contacts 2 and 3, the remotely controlled piezo-
electric motor assembly is brought to its initial position.
This can be obtained by means of simply inverting the

phase delay of the predefined excitation signals. During
this motion, by means of the mentioned trip mechanism,
the toggle element 21 is again mechanically engaged
with the kinematic chain 23. In this manner, the piezoe-
lectric motor assembly 6 can drive the closing operation
of the remotely controlled circuit breaker.
[0026] Alternatively, in a preferred embodiment of the
remotely controlled circuit breaker, according to the
present invention, the toggle element 21 can be con-
nected with the kinematic chain 23, in correspondence
of the pivot point 35, which is, therefore, subjected to a
motion 28, directly impressed by the toggle element 21.
In this case, the kinematic chain 23 comprises a bar
mechanism 30, which includes, in practice, only two bar
elements (31a, 31b), for transmitting a motion to the
movable contact 2, during a closing operation of the re-
motely controlled circuit breaker, according to the
present invention. In fact, in this case, the bar elements
31c and 31d are used only for the opening operation,
once the toggle element 21 is disengaged from the kin-
ematic chain 23. Accordingly, the toggle element 21
might be connected to the kinematic chain 23, in corre-
spondence of other pivot points, such as for example
the pivot point 36. In this case, the kinematic chain 23
comprises a bar mechanism 30, which includes only the
bar element 31a. It should be noticed that, in this case,
it would be quite easier to control, by means of the pie-
zoelectric motor assembly, also the opening operations
of the remote controlled circuit breaker 1.
[0027] The remotely controlled circuit breaker, ac-
cording to the present invention, allows achieving the
intended aims and objects.
[0028] In fact, the adoption of the remotely controlled
piezoelectric motor assembly 6 for moving the movable
contact 2 allows avoiding the use of electromagnetic ar-
rangements. In fact, the generation of motion by the re-
motely controlled piezoelectric motor assembly is main-
ly, as shown in the illustrated preferred embodiments,
of the "mechanical" kind. This property allows achieving
considerable advantages such as a remarkable reduc-
tion of the number of operating elements and, therefore,
a remarkably reduction of the overall size and the vol-
ume occupied by the remotely controlled circuit breaker,
according to the present invention. In fact, the practice
has shown that the remotely controlled circuit breaker,
according to the present invention, can be easily placed
in a so-called "two modules" case.
[0029] Moreover, due the absence of electromagnetic
arrangements, which require the adoption of huge wind-
ing structures, the remotely controlled circuit breaker,
according to the present invention, has proven also to
be characterised by remarkably lower weight. These
facts, allows obtaining relatively lower fabrication and
installation costs.
[0030] Further, the remarkable reduction of operating
elements has proven to increase the operation reliability
and high torque levels at low speed and relatively re-
duced response times can be easily achieved. This im-
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plies a remarkable increase of the operation perform-
ance.
[0031] The remotely controlled circuit breaker, ac-
cording to the present invention, is particularly suitable
for the use in low voltage applications, therefore for volt-
age values lower than 1 KV.
[0032] Due to the fact that the use of the piezoelectric
motor assembly 6 influences substantially only the clos-
ing operations, the remotely controlled circuit breaker
may be of different types, according to the different
modes that can be chosen for determining the opening
operations. Thus, the remotely controlled circuit break-
er, according to the present invention, can be used as
a remotely controlled magneto-thermal circuit breaker
or as a remotely controlled residual current circuit break-
er. As mentioned above, in this case, a different using
mode is determined, according to the needs, by means
of choosing a different opening mechanism.
[0033] The remotely controlled circuit breaker, ac-
cording to the present invention, can comprise one or
more electric poles, each one comprising at least a mov-
able contact 2 and a fixed contact 3. Particularly, the re-
motely controlled circuit breaker, according to the
present invention, can be of the three-pole kind or of the
four-pole kind.
[0034] The remotely controlled circuit breaker, ac-
cording to the present invention, thus conceived is sus-
ceptible 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. In practice, the materials em-
ployed, so long as they are compatible with the specific
use, as well as the dimensions, may be any according
to the requirements and to the state of the art.

Claims

1. A remotely controlled circuit breaker comprising:

- at least a fixed contact and a movable contact,
said movable contact being coupled/uncoupled
with said fixed contact, respectively during the
closing/opening operation of said remotely con-
trolled circuit breaker; and

- remotely controlled motor means for coupling,
by means of motion transmission means, said
movable contact to said fixed contact during a
closing operation of said remotely controlled
circuit breaker;

characterized in that said remotely controlled mo-
tor means comprise at least a remotely controlled
piezoelectric motor assembly, said remotely con-
trolled piezoelectric motor being operatively con-
nected to said motion transmission means, so as to
couple said movable contact to said fixed contact
during a closing operation of said remotely control-

led circuit breaker.

2. A remotely controlled circuit breaker, according to
claim 1, characterized in that said remotely con-
trolled piezoelectric motor assembly, comprises:

- a stator arrangement comprising at least a pie-
zoelectric assembly operatively connected to a
stator frame; and

- a rotor arrangement, operatively connected
said stator frame.

3. A remotely controlled circuit breaker, according to
claim 2, characterized in that said stator frame
comprises a flange element provided with a base
wall and a projecting wall, said projecting wall pro-
truding in a substantially vertical manner from said
base wall.

4. A remotely controlled circuit breaker, according to
one or more of claims from 2 to 3, characterized in
that said piezoelectric assembly comprises one or
more piezoelectric elements mechanically coupled
to said base wall, said piezoelectric elements being
excited by predefined excitation signals, so as to
determine an elliptical motion of said projecting
wall.

5. A remotely controlled circuit breaker, according to
one or more of claims from 2 to 4, characterized in
that said rotor arrangement comprises a rotor disc,
said rotor disc being mechanically coupled said pro-
jecting wall, so as to be subjected to a motion of the
rotational kind.

6. A remotely controlled circuit breaker, according to
one or more of claims from 2 to 5, characterized in
that said remotely controlled piezoelectric motor
assembly is connected to an electronic circuit, said
electronic circuit generating said predefined excita-
tion signals and/or transmitting said predefined ex-
citation signals to said plurality of piezoelectric ele-
ments.

7. A remotely controlled circuit breaker, according to
one or more of claims from 2 to 6, characterized in
that said electronic circuit is connected to remote
control means, said remote control means generat-
ing predefined activation signals and/or transmitting
said predefined activation signals to said electronic
circuit.

8. A remotely controlled circuit breaker, according to
one or more of the previous claims, characterized
in that said motion transmission means comprises
at least:

- a shaft element mechanically connected to said
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rotor disc; and
- a toggle element operatively connected to said

shaft element; and
- a kinematic chain for operatively connecting

said toggle element with said movable contact,
at least during a closing operation of said re-
motely controlled circuit breaker.

9. A remotely controlled circuit breaker, according to
claim 8, characterized in that said motion trans-
mission means comprise a gear assembly for oper-
atively connecting said toggle element with said
shaft element.

10. A remotely controlled circuit breaker, according to
claim 9, characterized in that said gear assembly
comprises at least:

- a pinion element mechanically connected to
said shaft element; and

- a rotating rack element mechanically connect-
ed to said toggle element, said rotating rack el-
ement mechanically cooperating with said pin-
ion element, so as to transmit a motion to said
toggle element.

11. A remotely controlled circuit breaker, according to
one or more claims from 8 to 10, characterized in
that said kinematic chain comprises a bar mecha-
nism comprising one or more bar elements, me-
chanically connected between said movable con-
tact and said toggle element, so as to transmit a mo-
tion to said movable contact, at least during a clos-
ing operation of said of said remotely controlled cir-
cuit breaker.

12. A remotely controlled circuit breaker, according to
claim 11, characterized in that said bar mecha-
nism comprises a single bar element.

13. A remotely controlled circuit breaker, according to
claim 11, characterized in that said bar mecha-
nism comprises two bar elements.

14. A remotely controlled circuit breaker, according to
claim 11, characterized in that said bar mecha-
nism comprises four bar elements.

15. A remotely controlled circuit breaker, according to
claim 11, characterized in that said bar mecha-
nism comprises five bar elements.

16. A remotely controlled circuit breaker, according to
one or more of claims from 8 to 15, characterized
in that said toggle element is mechanically disen-
gaged from said kinematic chain when said mova-
ble contact is coupled with said fixed contact.

17. A remotely controlled circuit breaker, according to
one or more of the previous claims, characterized
in that it is a remotely controlled magneto-thermal
circuit breaker.

18. A remotely controlled circuit breaker, according to
one or more of claims from 1 to 16, characterized
in that it is a remotely controlled residual current
circuit breaker.
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