
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

17
5 

46
8

A
2

��&��
�������
�
(11) EP 2 175 468 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
14.04.2010 Bulletin 2010/15

(21) Application number: 09171337.0

(22) Date of filing: 25.09.2009

(51) Int Cl.:
H01H 83/14 (2006.01)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO SE SI SK SM TR
Designated Extension States: 
AL BA RS

(30) Priority: 10.10.2008 IT MI20080329 U

(71) Applicant: ABB S.p.A.
20124 Milano (IT)

(72) Inventors:  
• Paleari, Ivan

20023, Cerro Maggiore (MI) (IT)

• Villani, Andrea
20081, Abbiategrasso (MI) (IT)

• Chiaravalli, Matteo
21020, Daverio (VA) (IT)

• Tinelli, Marco
20127, Milano (IT)

• Abbattista, Tommaso
20162, Milano (IT)

• Antoniazzi, Alberto
20080, Zibido San Giacomo (MI) (IT)

(74) Representative: De Santis, Giovanni
ABB S.p.A. 
Via L. Lama, 33
20099 Sesto San Giovanni (MI) (IT)

(54) Bipolar automatic circuit breaker for low-voltage applications

(57) A low-voltage bipolar automatic circuit breaker
comprising a couple of electrical poles each of which has
a device for protection against short-circuits. The circuit
breaker further comprises a differential protection device

associated with both poles and a single overload protec-
tion device associated with one of the two poles which
causes the tripping of a closing/opening kinematic mech-
anism and the consequent opening of the contacts of the
two poles upon detection of an overload fault condition.
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Description

[0001] The present invention relates to a low-voltage
bipolar automatic circuit breaker, and in particular to a
bipolar automatic circuit-breaker having both poles pro-
tected from faults (that is, there is no neutral pole or
phase) and which exhibits a plurality of functionalities,
while having a compact structure and reduced compo-
nents.
[0002] Low-voltage automatic circuit breakers are
electrical devices of a known type. They are usually em-
ployed in electrical systems (for example, residential, in-
dustrial or commercial) in order to ensure the protection
of the electrical systems and the safety of the users via
the automatic opening of the circuit breaker itself, with
consequent interruption of the power supply in response
to failure situations.
[0003] Typically, these faulty situations are short-cir-
cuits, overloads and earth leakages. In order to guaran-
tee protection against these failures, one or more pro-
tection devices capable of discriminating between nor-
mal operational situations and failure situations are usu-
ally associated with the circuit breaker. Such devices
usually comprise an actuator which, following a deter-
mined fault situation, intervenes on the kinematic mech-
anism of the circuit breaker, causing its automatic tripping
and the opening of the contacts.
[0004] Protection devices of the most common known
type are the magnetothermic devices, which realize the
protection from short-circuits and from overloads, and
differential devices, which realize the earth leakage cur-
rent protection.
[0005] One of the disadvantages that sometimes are
found results from the fact that the protection devices
consist, in some applications, of additional modules to
be associated with the circuit breaker in order to realize
a specific protection function. In practice, the circuit
breaker and the protection devices are positioned within
separate cases having a prearranged width of the mod-
ular type (one DIN module being equal to 17.5 mm). The
cases are then associated and connected so as to obtain
the required type of protection.
[0006] This brings about an increase in costs because
it is necessary to predispose a plurality of cases suitable
for housing the various devices, as well as connection
and interface means for realizing the operative connec-
tion with the circuit breaker, with consequent labor re-
quirement during the installation phase.
[0007] Furthermore, even where the protection devic-
es and the breaking part are contained within the same
case, the latter usually has relatively bulky dimensions
(for example, a width greater than two standard modules)
in particular when both poles are protected and there is
therefore no a neutral pole. It also needs to be empha-
sized that the protection devices of the known type nev-
ertheless require ad hoc components for their realization
and dedicated mechanism for their coupling with the re-
leasing kinematic mechanism, with consequent compli-

cations during the designing and realization phases of
the circuit breaker and of the devices associated there-
with.
[0008] As it can be seen from the above, automatic
circuit breakers of the known type exhibit a series of draw-
backs that it was attempted to solve, but not in an entirely
satisfying way.
[0009] Based on these considerations, the main task
of the present invention is to provide a low-voltage bipolar
automatic circuit breaker that allows to overcome the de-
scribed drawbacks.
[0010] This task is achieved via a low-voltage bipolar
automatic circuit breaker, which comprises a case made
of insulating material that contains:

- a first pole comprising a first contact and a second
contact that are couplable/decouplable to each other
and a first device for protection against short-circuits;

- a second pole comprising a third contact and a fourth
contact that are couplable/decouplable to each other
and a second device for protection against short-
circuits;

- a differential protection device operatively associat-
ed with both first and second poles and suitable for
detecting a differential current between said first and
second poles;

- a closing/opening kinematic mechanism operatively
coupled to said first and second poles in order to
carry out the coupling/decoupling of said first and
second contacts and said third and fourth contacts;

- a single overload protection device operatively as-
sociated with said first pole and suitable for causing
the tripping of said kinematic mechanism and the
decoupling of said first and third contacts from said
second and fourth contacts, respectively, upon de-
tection of an overload fault condition.

[0011] Further characteristics and advantages will be-
come more apparent from the description of some pre-
ferred but not exclusive embodiments of a circuit breaker,
according to the present invention, illustrated by way of
examples in the accompanying drawings; wherein:

- figure 1 is a first perspective view of a bipolar auto-
matic circuit breaker according to the present inven-
tion;

- figure 2 is a side view of the circuit breaker of figure 1;
- figure 3 is a functional schematic representation of

the circuit breaker of figure 1;
- figure 4 is a first side view of some parts of the circuit

breaker of figure 1;
- figure 5 is a second side view of some parts of the

circuit breaker of figure 1;
- figures 6, 7 and 8 are detailed views that illustrate a

first operating sequence of a bipolar automatic circuit
breaker according to the present invention;

- figures 9 and 10 are detailed views that illustrate a
second operating sequence of a bipolar automatic
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circuit breaker according to the present invention;
- figure 11 is a further perspective view of a part of the

circuit breaker of figure 1.

[0012] With reference to the appended figures, a low-
voltage bipolar automatic circuit breaker 1 according to
the present invention comprises a case 10 made of an
electrically insulating material, which contains a first pole
20 and a second pole 30, both of which are protected
from fault conditions according to what will result from
the description below. The rear part 11 of case 10 is suit-
ably shaped and exhibits means for hooking to a DIN
guide.
[0013] The case 10 is arranged to allow cabling via the
insertion of suitable cables or rods in suitable terminals.
In addition, the front part of case 10 is suitable for being
coupled to a cover, which is not illustrated in the figure,
for the complete enclosure of the circuit breaker itself.
[0014] The first pole 20 comprises a first contact 21
and a second contact 22 that are couplable/decouplable
to each other, while the second pole 30 comprises a third
contact 31 and a fourth contact (not illustrated in the fig-
ure, but equivalent overall with the second stationary con-
tact 22) that are couplable/decouplable to each other.
The second 22 and fourth contacts are stationary while
contacts 21 and 31 are movable between an opening
position, in which they are decoupled from the corre-
sponding stationary contacts, and a closing position in
which they are coupled with said stationary contacts.
[0015] The circuit breaker further comprises a closing/
opening kinematic mechanism 40, which is operatively
coupled to said first and second poles 20, 30 in order to
carry out the coupling/decoupling of said first and second
contacts 21, 22 and of said third 31 and fourth contacts.
In practice, the closing/opening kinematic mechanism 40
comprises levers that transmit the movement of the knob
42 operated by a user to the contacts for carrying out the
opening or closing maneuver of the circuit breaker; fur-
thermore, said levers realize the opening of the contacts
in case of a failure situation in the electrical system as-
sociated with the circuit breaker 1. To this end, the clos-
ing/opening kinematic mechanism 40 preferably com-
prises means for holding the mobile contact in the closed
position and means for releasing the kinematic mecha-
nism, allowing the automatic opening of the circuit break-
er 1. According to one embodiment, the closing/opening
kinematic mechanism 40 comprises at least one pair of
levers, for example, the hooking lever 43 and the tripping
lever 41, which, when engaged to each other, hold the
contacts in the closed position. In a failure case, the trip-
ping lever 41 is disengaged from the hooking lever 43
via rotation around the center 418, releasing the kine-
matic mechanism and permitting the automatic opening
operation according to a mechanism, which will be de-
scribed in detail below.
[0016] The circuit breaker according to the invention
is in fact suitable for ensuring the protection of the elec-
trical systems (for example, residential, industrial or com-

mercial) and the safety of the users through the automatic
opening of the circuit breaker itself, with consequent in-
terruption of the power supply in response to a first, sec-
ond or third failure situation. Typically, these faulty situ-
ations are short-circuits, overloads and earth leakages,
respectively.
[0017] To this end, both the first pole 20 and the second
pole 30 of the circuit breaker 1 respectively comprise a
first short-circuit protection device 50 and a second short-
circuit protection device 55.
[0018] Such short-circuit protection devices 50 and 55
are of the well known type and typically comprise a mag-
netic actuator constituted by a coil, a movable core, a
stationary core, a blade or more generally, a pin and a
spring, which realize the protection against short-circuits.
[0019] The circuit breaker 1 further comprises a differ-
ential protection device 70, which is operatively associ-
ated with both poles 20 and 30; the protection device 70,
which is also of a well known type and therefore not de-
scribed in detail, is usually a differential actuator that re-
alizes the protection from earth leakage currents and is
typically constituted by a relay and by a toroidal core.
The differential protection 70 detects the earth leakage
current as an unbalance between the currents of the two
poles or phases 20 and 30. In practice, when the differ-
ence in absolute value between the currents circulating
in said first and second poles 20 and 30 exceeds a pre-
defined threshold, device 70 triggers the release of the
kinematic mechanism 40 and therefore the decoupling
of the mobile contacts from the corresponding stationary
contacts.
[0020] Advantageously, the bipolar circuit breaker 1
comprises a single, unique overload protection device
60 that is operatively associated with the first pole 20 and
is suitable for causing the tripping of the kinematic mech-
anism 40 and the decoupling of said first and third con-
tacts 21, 31 from said second 22 and fourth contacts,
respectively, upon detection of an overload fault condi-
tion.
[0021] In turn, the protection devices 50 and 55 are
suitable for causing the release of said kinematic mech-
anism 40 and the opening of said first and second con-
tacts 21, 22 and of said third 31 and fourth contacts fol-
lowing a fault condition due to a short-circuit in the elec-
trical system associated with the circuit breaker 1.
[0022] Preferably, the overload protection device 60 is
constituted by a thermal actuator that comprises a bimet-
al. The first short-circuit protection device 50 and the
overload protection device 60 are usually consolidated
to each other and constitute a magnetothermic device.
Furthermore, it needs to be specified that, while the pro-
tection device 60 is calibrated for intervening when there
are overloads of an intensity that is not particularly high,
which are present for long times, the devices 50 and 55,
in addition to intervening for short-circuit failures, can also
intervene in the presence of overloads of higher intensity
that appear in very short times.
[0023] Furthermore, the automatic circuit breaker 1 ac-
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cording to the invention comprises coupling means that
operatively connect the closing/opening kinematic mech-
anism 40 to the various protection devices 50, 55, 60 and
70. In substance, and unlike the circuit breakers of the
known type, in the circuit breaker according to the inven-
tion, the mechanical pulses of the various protection de-
vices 50, 55, 60 and 70 are transferred to the releasing
kinematic mechanism via a single mechanism, simplify-
ing the structure of the circuit breaker compared to the
conventional solutions that need dedicated mechanisms
for every protection device.
[0024] With reference to figures 6-10, some configu-
rations for realizing the automatic opening operation in
a circuit breaker, according to the invention, will be de-
scribed now.
[0025] As previously mentioned, an embodiment of the
closing/opening kinematic mechanism 40 conveniently
comprises a first tripping lever 41 suitable for releasing
the same kinematic mechanism 40 by disengaging a third
hooking lever 43, allowing the automatic opening of the
contacts of the two poles 20 and 30. The coupling means
comprise, for example, a first tripping shaft 81 which op-
eratively connects said closing/opening kinematic mech-
anism 40 to said first and second short-circuit protection
devices 50 and 55, to the overload protection device 60
and to the differential protection device 70. According to
this embodiment, the coupling means further comprise
a second intervention lever 82 that operatively connects
the closing/opening kinematic mechanism 40 to the pro-
tection device 70. The first tripping shaft 81 and the sec-
ond intervention lever 82 are operatively connected to
said first tripping lever 41. In other words, the coupling
means constitute the single mechanical interface, for ex-
ample, via the first tripping shaft 81 and the second in-
tervention lever 82, through which the mechanical pulse,
generated by the various protection devices 50, 55, 60,
70 in the presence of a corresponding failure situation,
is transmitted to the closing/opening kinematic mecha-
nism 40, acting, for example, on the tripping lever 41.
[0026] With reference to figures 6 and 9, in a closed
circuit-breaker situation and in the absence of failures,
the closing/opening kinematic mechanism 40 is kept
blocked in the closed position for the interaction of the
third hooking lever 43 with the first tripping lever 41. In
particular, according to this embodiment, one end of the
lever 43 is engaged by a suitable projection into the body
of the lever 41 as a result of which the counterclockwise
rotation of the lever 43 (and the resulting release of the
circuit breaker) is impeded.
[0027] The operation of automatic opening in the case
of failure due to short-circuit is illustrated with reference
to the figures 6 and 7. The first protection device 50 and
the second protection device 55 each comprise a blade
501 tied to the movable core. A portion of the blade 501
is positioned, under normal conditions (see figure 6), in
proximity to a first extension 810 of the first tripping shaft
81.
[0028] In case of failure due to a short-circuit, the pro-

tection device 50 or 55, intervenes, dragging inside the
mobile core and consequently moving the blade 501 as-
sociated therewith (see fig. 7, which shows the move-
ment of the blade 501 to the right). Due to this movement,
the blade 501 acts on the first extension 810 of the shaft
81, which rotates clockwise around its own pivot point
815. The shaft 81 exhibits a second extension 811 inte-
gral with it and suitably shaped. Due to the rotation of
shaft 81, the second extension 811 interacts with the first
tripping lever 41, causing the counterclockwise rotation
around its own center of rotation 418. As a consequence,
the tripping lever 41 disengages from the third hooking
lever 43 allowing the movement and unblocking the clos-
ing/opening kinematic mechanism 40, which snaps into
the open position, separating the mobile contacts 21 and
31 from the corresponding stationary contacts.
[0029] With reference to figures 6 and 8, the automatic
opening operation in the case of failure due to overcur-
rents is illustrated. As previously indicated, the protection
device 60 comprises a bimetal lamina suitable for bend-
ing because of overcurrents in the circuit. A portion of
the lamina 60 is positioned, under normal conditions (see
figure 6), in proximity to a third extension 812 of the first
tripping shaft 81.
[0030] In the case of fault due to overload, the protec-
tion device 60 intervenes by flexure of the bimetal lamina
(see fig. 8, which shows the downward movement of the
lamina 60). Because of this movement, the lamina 60
acts on the extension 812 of the shaft 81, which rotates
clockwise around its own pivot point 815. As a result of
this rotation, the second extension 811 of the shaft 81
interacts with the first tripping lever 41, causing the rota-
tion and automatic opening of the contacts as previously
described.
[0031] With reference to figures 9 and 10, the auto-
matic opening operation in the case of fault due to earth
leakage is illustrated. The third protection device 70 com-
prises a piston 701 suitable for sliding because of an
earth leakage of current and therefore of an unbalance
of the current between the conductors associated with
the two poles or phases 20 and 30. One end of the piston
701 is positioned, under normal conditions (see figure
9), in proximity to an arm 822 of a second intervention
lever 82. The intervention lever 82 is suitably pivoted at
point 820, can rotate with respect to it and it is kept in an
idle position by suitable springs. The second intervention
lever 82 further exhibits coupling means 821 with the first
tripping lever 41. In the case illustrated in the appended
figures, the means of intervention are constituted by a
protuberance 821 suitable for interacting with a portion
410 of the tripping lever 41.
[0032] In the case of fault due to earth leakage, that
is, when the difference in absolute value between the
currents circulating in the two poles is greater than a pre-
determined threshold, the protection device 70 inter-
venes, causing the movement of piston 701 toward the
outside of the relay (see fig. 10, which shows the move-
ment of the piston 701 to the right). Because of this move-
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ment, the piston 701 acts on the arm 822 of the lever 82,
which rotates counterclockwise around its own pivot point
820. As a result of this rotation, the protuberance 821 of
the intervention lever 82 interacts with the portion 410 of
the first tripping lever 41, causing the counterclockwise
rotation and automatic opening of the contacts as previ-
ously described.
[0033] In addition to the considerable simplifications
from the mechanical standpoint, the circuit breaker ac-
cording to the invention can be realized in an extremely
compact manner, by suitably positioning the various
components within the case 10.
[0034] For example, as schematically illustrated in fig-
ure 3 and visible in figure 11, the first pole 20 and the
second pole 30 are conveniently positioned in a symmet-
ric manner to the left and to the right of the longitudinal
axis 100 of the circuit breaker 1, with respect to a front
view of the same. The closing/opening kinematic mech-
anism 40 can therefore be advantageously centered with
respect to said first and second poles 20, 30.
[0035] In particular, in the first pole 20, the protection
device 50 and the protection device 60 are overlapped
and placed alongside the closing/opening kinematic
mechanism 40. In more detail, devices 50 and 60 for
magnetothermic protection are usually grouped in a sin-
gle body (and for this reason illustrated with a single func-
tional block in figure 3) and positioned at the pole 20, in
the front with respect to a front view of the circuit breaker
1. The protection device 55, in turn, is placed alongside
the closing/opening kinematic mechanism 40 on the side
opposite to the protection device 50. The protection de-
vice 70 is positioned transversally with regard to said
longitudinal axis 100 and contiguous to said closing/
opening kinematic mechanism 40, thus, being located,
with respect to a front view of the circuit breaker, lower
than the protection devices 50, 55, 60 and the kinematic
mechanism 40.
[0036] The resulting structure is exceedingly rational
and compact. The arrangement of the components within
case 10 is in fact substantially symmetric and allows to
optimize the occupation of the spaces inside the case
itself. Consequently, the dimensions of the circuit breaker
can be held down; in particular, the width turns out to be
equal to two DIN standard modules (35 mm), with sub-
stantial advantages from the modularity standpoint.
[0037] Based on what was described above, it can be
seen that the circuit breaker 1 accomplishes its prede-
fined task, allowing to realize a high number of functions
with a reduced number of components and with reduced
costs.
[0038] In fact, the bipolar circuit breaker 1 exhibits both
the poles 20 and 30 protected from failures and in which
the protection from overloads is obtained by utilizing a
single bimetal, unlike what is known in the art in which
each pole, where protected (and which, therefore, is not
a neutral pole), provides the ad hoc use of a bimetal.
Furthermore, the circuit breaker 1, thanks to its structure
and functionality, allows to substantially simplify the re-

alization of the mechanisms and of the couplings be-
tween the various components of the same. In other
words, unlike the known type of circuit breakers, the cou-
pling means, via a single mechanism, allow to couple the
protection devices with the releasing kinematic mecha-
nism of the circuit breaker, further reducing the number
of mechanical components, optimizing the space filled
up within the case and at the same time having the com-
plete range of protection (magnetic, thermic and differ-
ential) on both poles.
[0039] Furthermore, the use of a single coupling mech-
anism between protection devices and opening/closing
mechanism allows to reduce the costs of production.
[0040] It should also be noted that in the device ac-
cording to the invention, it is possible to consolidate a
high number of functionalities in a single case, with re-
sulting savings in terms of implementation and installa-
tion costs. Furthermore, the dimensions of the case,
thanks to the extremely compact and rational arrange-
ment of the components within it, are held down. In par-
ticular, it is possible to realize a circuit breaker of a width
equal to two DIN standard modules and with both the
poles protected, with substantial advantages in terms of
modularity and rationality of installation.
[0041] Based on the given description, other charac-
teristics, modifications or improvements are possible and
evident to the average skilled person. Such characteris-
tics, modifications and improvements should therefore
be considered as a part of the present invention. In prac-
tice, the materials employed, as well as the dimensions
and the contingent forms, can vary according to the re-
quirements and the state of the art.

Claims

1. A low-voltage bipolar automatic circuit breaker (1),
characterized in that it comprises a case (10) made
of insulating material containing:

- a first pole (20) comprising a first contact (21)
and a second contact (22) that are couplable/
decouplable to each other and a first device for
protection against short-circuits (50);
- a second pole (30) comprising a third contact
(31) and a fourth contact that are couplable/de-
couplable to each other and a second device for
protection against short-circuits (55);
- a differential protection device (70) operatively
associated with both said first and second poles
(20,30) and suitable for detecting a differential
current between said first (20) and second (30)
poles;
- a closing/opening kinematic mechanism (40)
operatively coupled to said first and second
poles (20, 30) in order to carry out the coupling/
decoupling of said first and second contacts (21,
22) and of said third (31) and fourth contacts;
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- a single overload protection device (60) oper-
atively associated with said first pole (20) and
suitable for causing the tripping of said kinematic
mechanism (40) and the decoupling of said first
and third contacts (21, 31) from said second (22)
and fourth contacts, respectively, upon detec-
tion of an overload fault condition.

2. A bipolar automatic circuit breaker (1) according to
claim 1, characterized in that said single overload
protection device (60) comprises a bimetal.

3. A bipolar automatic circuit breaker (1) according to
claim 1 or 2 characterized in that it comprises cou-
pling means that operatively connect said closing/
opening kinematic mechanism (40) to said first (50)
and second (55) short-circuit protection devices, to
said single overload protection device (60) and to
said differential protection device (70).

4. A bipolar automatic circuit breaker (1) according to
one or more of the preceding claims, characterized
in that said closing/opening kinematic mechanism
(40) comprises a first tripping lever (41) suitable for
releasing said kinematic mechanism (40) allowing
the automatic opening of said first and second con-
tacts (21, 22) and of said third (31) and fourth con-
tacts.

5. A bipolar automatic circuit breaker (1) according to
one or more of the preceding claims, characterized
in that said coupling means comprise a first tripping
shaft (81) which operatively connects said closing/
opening kinematic mechanism (40) to said first and
second short-circuit protection devices (50,55) and
to said overload protection device (60), and a second
intervention lever (82) which operatively connects
said closing/opening kinematic mechanism (40) to
said differential protection device (70).

6. A bipolar automatic circuit breaker (1) according to
claims 4 and 5, characterized in that said first trip-
ping shaft (81) and said second intervention lever
(82) are operatively connected to said first tripping
lever (41).

7. A bipolar automatic circuit breaker (1) according to
one or more of the preceding claims, characterized
in that, with respect to a front view of said circuit
breaker (1), said first (20) and second (30) poles are
symmetrically arranged to the left and to the right of
the longitudinal axis (100) of the circuit breaker (1),
said closing/opening kinematic mechanism (40) be-
ing positioned centrally with respect to said first and
second poles (20, 30).

8. A bipolar automatic circuit breaker (1) according to
claim 9, characterized in that said differential pro-

tection device (70) is positioned transversally with
regard to said longitudinal axis (100) and contiguous
to said closing/opening kinematic mechanism (40).

9. A bipolar automatic circuit breaker (1) according to
one or more of the preceding claims, characterized
in that it has a width equal to two standard DIN mod-
ules.
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