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(57) ABSTRACT

The present disclosure relates to a detecting circuit for a
circuit breaker, comprises: a detection sensor configured to
output a detection signal by detecting a voltage or a current on
an alternating current electric power circuit; a low pass filter
configured to output a signal from the detection sensor after
removing a high frequency component from the signal; an
offset remover configured to output a signal from the low pass
filter after removing a direct current offset from the signal; an
amplifier configured to amplify a signal from the offset
remover, and to output the signal; and a comparator config-
ured to output a breaking control signal such that the circuit
breaker operates to a circuit breaking position, if the detection
signal input to the amplifier is equal to or larger than a refer-
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DETECTING CIRCUIT FOR CIRCUIT
BREAKER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Pursuant to 35 U.S.C. §119(a), this application
claims the benefit of earlier filing date and right of priority to
Korean Application No. 10-2013-0063592, filed on Jun. 3,
2013, the contents of which are all hereby incorporated by
reference herein in its entirety.

BACKGROUND OF THE DISCLOSURE

[0002] 1. Field of the Disclosure

[0003] The present disclosure relates to a circuit breaker,
and particularly, to a circuit breaker capable of precisely
determining a size of a target alternating current (abbreviated
as AC hereinafter) component, even if a voltage detection
signal or a current detection signal includes noise.

[0004] 2. Background of the Disclosure

[0005] A detecting circuit for a circuit breaker in accor-
dance with the related art will be explained with reference to
FIGS.1to 3.

[0006] FIG.1isablock diagram illustrating a configuration
of a detecting circuit for a circuit breaker in accordance with
the related art. As shown in FIG. 1, the detecting circuit for a
circuit breaker includes a detection sensor 20 configured to
detect a voltage or a current on an AC circuit; a peak level
detector 21 connected to an output terminal of the detection
sensor 20, and configured to detect a peak level of a voltage
detection signal on the AC circuit or a current detection signal
on the AC circuit output from the detection sensor 20; and a
comparator 22 connected to an output terminal of the peak
level detector 21, and configured to compare an output signal
from the peak level detector 21 with a reference voltage.
[0007] As shown in FIG. 2, a wave of voltage detection
signal (Va) or a current detection signal, which is detected
from an AC circuit by the detection sensor 20, shows a wave-
form which fluctuates up and down based on a Root Mean
Square (abbreviated as RMS hereinafter) value wave (Vrms),
due to noise included therein.

[0008] A peak level of the detection signal (Va) is extracted
by the peak level detector 21 of a next stage.

[0009] Then the peak level of the detection signal is com-
pared with a reference voltage by the comparator 22 of a next
stage. If the peak level of the detection signal is equal to or
larger than the reference voltage, the comparator 22 outputs a
signal of a high level. The output signal of a high level (Vout)
has a waveform shown in FIG. 3.

[0010] A circuit breaker 10 of FIG. 1 operates to a breaking
position (‘trip” position), by the signal of a high level, which
is output from the comparator 22.

[0011] However, the conventional detecting circuit for a
circuit breaker may have the following problems.

[0012] Firstly, the detection signal (Va) shown in FIG. 2,
which has been distorted due to harmonic noise such as
switching noise from a diode or a transistor, is compared with
a reference voltage of the comparator 22. Then the compared
signal is output as an output signal (Vout) shown in FIG. 3.
This may cause a malfunction of the circuit breaker 10.

SUMMARY OF THE DISCLOSURE

[0013] Therefore, an object of the detailed description is to
provide a detecting circuit for a circuit breaker, capable of
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precisely detecting a current or a voltage on a circuit even if a
voltage detection signal or a current detection signal includes
noise.

[0014] To achieve these and other advantages and in accor-
dance with the purpose of this disclosure, as embodied and
broadly described herein, there is provided a detecting circuit
for a circuit breaker, comprising:

[0015] a detection sensor configured to output a detection
signal by detecting a voltage or a current on an alternating
current electric power circuit;

[0016] alow pass filter connected to an output terminal of
the detection sensor, and configured to output a signal from
the detection sensor after removing a high frequency compo-
nent from the signal from the detection sensor;

[0017] an offset remover connected to an output terminal of
the low pass filter, and configured to output a signal from the
low pass filter after removing a direct current offset from the
signal;

[0018] an amplifier connected to an output terminal of the
offset remover, and configured to amplify a signal from the
offset remover and to output the signal;

[0019] a comparator configured to output a breaking con-
trol signal such that the circuit breaker operates to a circuit
breaking position, if the detection signal input to the amplifier
is equal to or larger than a reference voltage; and

[0020] a sampling circuit connected to an output terminal
of the amplifier, and configured to output a signal in a sam-
pling manner from an output signal from the amplifier, at
predetermined frequency intervals.

[0021] According to an aspect of the present invention, the
detecting circuit for a circuit breaker may further comprise a
Root Mean Square (RMS) detector connected to an output
terminal of the LPF in parallel to the offset remover, and
configured to output an RMS of an output signal from the
LPFE.

[0022] According to another aspect of the present inven-
tion, the detecting circuit for a circuit breaker may further
comprise a reference voltage detector connected to an output
terminal of the RMS detector and an output terminal of the
offset remover, and configured to output a signal of a high
level based on an output signal from the RMS detector and an
output signal from the offset remover, for a time duration
when an output signal from the offset remover is larger than
an output signal from the RMS detector.

[0023] According to another aspect of the present inven-
tion, the detecting circuit for a circuit breaker may further
comprise a signal divider connected to an output terminal of
the reference voltage detector, and an output terminal of the
sampling circuit, and configured to extract a frequency com-
ponent signal from an output signal from the sampling circuit,
and configured to output a signal of a target frequency, based
on a pulse width and a period of the extracted frequency
component signal.

[0024] According to another aspect of the present inven-
tion, the comparator may be connected to an output terminal
of'the reference voltage detector and an output terminal of the
signal divider, and may be configured to output a breaking
control signal such that the circuit breaker operates to a circuit
breaking position, if an output signal from the signal divider
is equal to or larger than an output signal from the reference
voltage detector.

[0025] Further scope of applicability of the present appli-
cation will become more apparent from the detailed descrip-
tion given hereinafter. However, it should be understood that
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the detailed description and specific examples, while indicat-
ing preferred embodiments of the disclosure, are given by
way of illustration only, since various changes and modifica-
tions within the spirit and scope of the disclosure will become
apparent to those skilled in the art from the detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are included to
provide a further understanding of the disclosure and are
incorporated in and constitute a part of this disclosure, illus-
trate exemplary embodiments and together with the descrip-
tion serve to explain the principles of the disclosure.

[0027] In the drawings:

[0028] FIG.1isablock diagram illustrating a configuration
of a detecting circuit for a circuit breaker in accordance with
the conventional art;

[0029] FIG.2 is aview illustrating a waveform of a voltage
detection signal or a current detection signal detected by the
detecting circuit of FIG. 1, a waveform of a Root Mean
Square (RMS) of the voltage detection signal or the current
detection signal, and a waveform of a reference voltage;
[0030] FIG.3isa view illustrating a waveform output from
a comparator of FIG. 1;

[0031] FIG.4isablock diagram illustrating a configuration
of a detecting circuit for a circuit breaker according to an
embodiment of the present invention;

[0032] FIG. 5is a view illustrating waveforms of an output
signal from an offset remover circuit and an output signal
from a Root Mean Square (RMS) detector in a detecting
circuit for a circuit breaker according to an embodiment of the
present invention;

[0033] FIG. 6isa view illustrating a waveform of an output
signal from a reference voltage detector in a detecting circuit
for a circuit breaker according to an embodiment of the
present invention;

[0034] FIG. 7 is a view illustrating waveforms of an output
signal from an offset remover and an output signal from an
RMS detector, with respect to a detection signal of a target
frequency in a detecting circuit for a circuit breaker according
to an embodiment of the present invention; and

[0035] FIG. 8isa view illustrating a waveform of an output
signal from a reference voltage detector, according to an
output signal from an offset remover and an output signal
from an RMS detector, with respect to a detection signal of a
target frequency in a detecting circuit for a circuit breaker
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0036] Description will now be given in detail of the exem-
plary embodiments, with reference to the accompanying
drawings. For the sake of brief description with reference to
the drawings, the same or equivalent components will be
provided with the same reference numbers, and description
thereof will not be repeated.

[0037] Hereinafter, a configuration and an operation of a
detecting circuit for a circuit breaker according to an embodi-
ment of the present invention will be explained with reference
to FIGS. 4 t0 8.

[0038] Referring to FIG. 4, a circuit breaker 10 includes a
molded-case circuit beaker, an earth leakage breaker, an air
circuit breaker, a vacuum circuit breaker, etc.
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[0039] As shown in FIG. 4, a detecting circuit for a circuit
breaker according to an embodiment of the present invention
includes a detection sensor 20, a low pass filter (abbreviated
as LPF hereinafter) 30, an offset remover 40, an amplifier 50
and a comparator 100.

[0040] The detection sensors 20 are configured by a poten-
tial transformer and a current transformer, and are configured
to detect a voltage or a current on an alternating current
electric power circuit to thus output a detection signal.
[0041] The LPF 30 is connected to an output terminal of the
detection sensor 20. The LPF 30 is configured to output a
signal from the detection sensor 20 after removing a high
frequency component from the signal.

[0042] The offset remover 40 is connected to an output
terminal of the LPF 30, and is configured to output a signal
from the LPF 30 after removing a direct current offset, i.e., a
direct current component rather than an alternating current
(abbreviated as AC hereinafter) component of 60 Hertz (ab-
breviated as Hz hereinafter). Such offset remover 40 may be
configured as a coupling capacitor for blocking a direct cur-
rent component and passing only a frequency component to a
next stage.

[0043] The amplifier 50 is connected to an output terminal
of'the offset remover 40, and is configured to amplity a signal
from the offset remover 40 and to output the signal.

[0044] Ifthe detection signal input to the amplifier 50 is not
smaller than a reference voltage (in other words is larger than
or equal to a reference voltage), the comparator 100 outputs a
breaking control signal so that the circuit breaker 10 can be
operated to a circuit breaking position (i.e., trip position).
[0045] The detecting circuit for a circuit breaker according
to a preferred embodiment of the present invention may fur-
ther include a sampling circuit 60.

[0046] The sampling circuit 60 is connected to an output
terminal of the amplifier 50, and is configured to sample and
output an output signal from the amplifier 50 at predeter-
mined frequency intervals.

[0047] The detecting circuit for a circuit breaker according
to a preferred embodiment of the present invention may fur-
ther include an Root Mean Square (abbreviated as RMS here-
inafter) detector 80.

[0048] The RMS detector 80 is connected to an output
terminal of the LPF 30, in parallel to the offset remover 40.
The RMS detector 80 is configured to output a Root Mean
Square (RMS) signal of an output signal from the LPF 30.
[0049] Referring to FIG. 5, in a case where an output signal
from the offset remover 40, from which a direct current com-
ponent has been removed, has a waveform indicated by a solid
line, an output signal from the RMS detector 80 has an AC
waveform, a sine wave indicated by a dotted line.

[0050] The detecting circuit for a circuit breaker according
to a preferred embodiment of the present invention may fur-
ther include a reference voltage detector 90.

[0051] The reference voltage detector 90 is connected to an
output terminal of the RMS detector 80 and an output termi-
nal of the offset remover 40, and outputs a signal of a high
level based on an output signal from the RMS detector 80 and
an output signal from the offset remover 40. In this case, the
reference voltage detector 90 outputs the output signal for a
time duration when an output signal from the offset remover
40 is larger than an output signal from the RMS detector 80.
[0052] In the case where an output signal from the offset
remover 40 has a waveform indicated by a solid line and an
output signal from the RMS detector 80 has a sine wave
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indicated by a dotted line as shown in FIG. 5, an output signal
from the reference voltage detector 90 has a square waveform
of FIG. 6. The square wave becomes a high level for a time
duration when an output signal from the offset remover 40 is
larger than an output signal from the RMS detector 80. The
detecting circuit for a circuit breaker according to a preferred
embodiment of the present invention may further include a
signal divider (in other words signal classifier) 70.

[0053] The signal divider 70 is connected to an output
terminal of the reference voltage detector 90, and an output
terminal of a sampling circuit 60. The signal divider 70
extracts a frequency component signal from an output signal
from the sampling circuit 60. Then the signal divider 70
outputs a signal of a target frequency, based on a pulse width
and a period of the extracted frequency component signal.
[0054] That is, the signal divider 70 may extract frequency
component signals each having a period, from an output
signal from the sampling circuit 60. Among the extracted
frequency component signals, a target frequency component
signal, e.g., a frequency component signal having a narrow
pulse width and a frequency of a commercial alternating
current (i.e., 60 Hz) is extracted.

[0055] In a case where the extracted frequency component
signal has a target frequency, the output signal from the offset
remover 40 has a constant period, a waveform indicated by
the solid line of FIG. 7.

[0056] The reference voltage detector 90 may output a sig-
nal having a constant period, as indicated by a pulse wave-
form of FIG. 8, after comparing the output signal from the
offset remover 40 with the output signal from the RMS detec-
tor 80.

[0057] Inthe present invention, the comparator 100 is con-
nected to an output terminal of the reference voltage detector
90 and an output terminal of the signal divider 70. If an output
signal from the signal divider 70 is not smaller than output
signal from the reference voltage detector 90 (in other words
is larger than or equal to output signal from the reference
voltage detector 90), the comparator 100 outputs a breaking
control signal so that the circuit breaker 10 can be operated to
a circuit breaking position.

[0058] As is well known, the circuit breaker 10, especially,
a trip mechanism (not shown) included in the circuit breaker
10, is configured as an electromagnetic device having a coil
and an armature. The trip mechanism triggers a switching
mechanism (not shown) in response to the breaking control
signal, so that a trip spring can be moved from a restricting
position in a charged state of elastic energy, to a trip position
in a released state of elastic energy so as to discharge the
charged elastic energy as a trip driving force. Under such
configuration, if the switching mechanism provides a trip
driving force, a movable contact arm (not shown) is separated
from a stationary contact arm (not shown) of the circuit
breaker. As a result, the earth leaked circuit is broken.
[0059] An operation of the detecting circuit for a circuit
breaker according to the present invention will be explained
in more detail with reference to FIGS. 4 to 8.

[0060] Firstly, the detection sensor 20 detects a voltage or a
current on an AC circuit, thereby outputting a detection sig-
nal.

[0061] Inorder to obtain a commercial AC signal of target
60 Hz, a high frequency noise signal is removed from the
detection signal. More specifically, the LPF 30 removes a
high frequency component from the detection signal output
from the detection sensor 20, and outputs a signal. The output
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signal from the LPF 30 also has frequency components adja-
cent to the target 60 Hz, i.e., 120 Hz, 180 Hz and 240 Hz.
[0062] The offset remover 40 removes a direct current off-
set, i.e., a direct current component rather than a target alter-
nating current component, from the output is signal from the
LPF 30. Then the offset remover 40 outputs a signal.

[0063] The RMS detector 80, which is connected to an
output terminal of the LPF 30 in parallel to the offset remover
40, outputs a Root Mean Square (RMS) signal of the output
signal from the LPF 30. Accordingly, a sine AC signal, indi-
cated by a dotted line shown in FIG. 5 or FIG. 7, can be
obtained.

[0064] Then the output signal from the offset remover 40 is
amplified by the amplifier 50.

[0065] As shown in FIG. 6, the reference voltage detector
90 outputs a signal of a high level for a time duration when an
output signal from the offset remover 40 is larger than an
output signal from the RMS detector 80. As a result, an output
signal of a square wave is obtained.

[0066] The sampling circuit 60 samples an output signal
from the amplifier 50 and outputs a signal at predetermined
frequency intervals.

[0067] The signal divider 70 extracts a frequency compo-
nent signal from an output signal from the sampling circuit
60. Then the signal divider 70 outputs a signal of a target
frequency, based on a pulse width and a period of the
extracted frequency component signal.

[0068] If the output signal from the signal divider 70 is
equal to or larger than the output signal from the reference
voltage detector 90, the comparator 100 outputs a breaking
control signal so that the circuit breaker 10 can operate to a
circuit breaking position.

[0069] As is well known, the circuit breaker 10, especially,
a trip mechanism (not is shown) included in the circuit
breaker 10, triggers a switching mechanism (not shown) to a
trip position in response to the breaking control signal. As the
switching mechanism provides a trip driving force, a movable
contact arm (not shown) of the circuit breaker 10 is separated
from a fixed contact arm (not shown). As a result, a circuit, on
which an abnormal current, such as an over current, a short
circuit current and a leakage current, has occurred, is broken
so that a load side circuit and a load device can be protected.
[0070] As aforementioned, in the detecting circuit for a
circuit breaker according to the present invention, a target size
of an alternating current component can be precisely deter-
mined, even if a detection voltage signal or a detection current
signal includes noise. This can minimize a malfunction of the
circuit breaker, and can enhance an operational reliability of
the circuit breaker.

[0071] The detecting circuit for a circuit breaker according
to the present invention can have the following advantages.
[0072] Firstly, the detecting circuit for a circuit breaker
according to the present invention includes the LPF. Accord-
ingly, an unnecessary high frequency noise signal can be
removed from a current detection signal or a voltage detection
signal.

[0073] Secondly, the detecting circuit for a circuit breaker
according to the present invention includes the offset
remover. Accordingly, a direct current noise component
which may be included in a detection signal can be removed.
[0074] Thirdly, the detecting circuit for a circuit breaker
according to the present invention includes the RMS detector.
Accordingly, a RMS signal of a current is detection signal or
a voltage detection signal can be output.
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[0075] Fourthly, the detecting circuit for a circuit breaker
according to the present invention includes the reference volt-
age detector connected to an output terminal of the RMS
detector and an output terminal of the offset remover, and
configured to output a signal of'a high level for a time duration
when an output signal from the offset remover is larger than
an output signal from the RMS detector. Accordingly, a ref-
erence voltage signal can be output at a time section where it
is larger than an RMS of a detection signal from which a direct
current noise component has been removed.

[0076] Fifthly, the detecting circuit for a circuit breaker
according to the present invention includes the sampling cir-
cuit connected to an output terminal of the amplifier. Accord-
ingly, a signal can be output in a sampling manner from an
output signal from the amplifier, at predetermined frequency
intervals.

[0077] Sixthly, the detecting circuit for a circuit breaker
according to the present invention includes the signal divider
connected to an output terminal of the reference voltage
detector and an output terminal of the sampling circuit, and
configured to receive input signals from the output terminals.
Accordingly, a frequency component signal having a period
is extracted from an output signal from the sampling circuit.
Further, a signal of a target frequency can be output based on
a pulse width and a period of the extracted frequency com-
ponent signal.

[0078] Seventhly, the detecting circuit for a circuit breaker
according to the present invention includes the comparator
connected to an output terminal of the is reference voltage
detector and an output terminal of the signal divider, and
configured to receive input signals from the output terminals.
Accordingly, if an output signal from the signal divider is
equal to or larger than an output signal from the reference
voltage detector, a breaking control signal can be output so
that the circuit breaker can be moved to a circuit breaking
position.

[0079] The foregoing embodiments and advantages are
merely exemplary and are not to be considered as limiting the
present disclosure. The present teachings can be readily
applied to other types of apparatuses. This description is
intended to be illustrative, and not to limit the scope of the
claims. Many alternatives, modifications, and variations will
be apparent to those skilled in the art. The features, structures,
methods, and other characteristics of the exemplary embodi-
ments described herein may be combined in various ways to
obtain additional and/or alternative exemplary embodiments.

[0080] As the present features may be embodied in several
forms without departing from the characteristics thereof, it
should also be understood that the above-described embodi-
ments are not limited by any of the details of the foregoing
description, unless otherwise specified, but rather should be
considered broadly within its scope as defined in the
appended claims, and therefore all changes and modifications
that fall within the metes and bounds ofthe claims, or equiva-
lents of such metes and bounds are therefore intended to be
embraced by the appended claims.

Dec. 4, 2014

What is claimed is:

1. A detecting circuit for a circuit breaker, comprising:

a detection sensor configured to output a detection signal
by detecting a voltage or a current on an alternating
current electric power circuit;

a low pass filter connected to an output terminal of the
detection sensor, and configured to output a signal from
the detection sensor after removing a high frequency
component from the signal from the detection sensor;

an offset remover connected to an output terminal of the
low pass filter, and configured to output a signal from the
low pass filter after removing a direct current offset from
the signal;

an amplifier connected to an output terminal of the offset
remover, and configured to amplify a signal from the
offset remover and to output the signal;

a comparator configured to output a breaking control signal
such that the is circuit breaker operates to a circuit break-
ing position, if the detection signal input to the amplifier
is equal to or larger than a reference voltage; and

a sampling circuit connected to an output terminal of the
amplifier, and configured to output a signal in a sampling
manner from an output signal from the amplifier, at
predetermined frequency intervals.

2. The detecting circuit for a circuit breaker of claim 1,
wherein the offset remover is configured as a coupling capaci-
tor for blocking a direct current component and passing only
a frequency component to a next stage.

3. The detecting circuit for a circuit breaker of claim 1,
further comprising a Root Mean Square detector connected to
an output terminal of the low pass filter in parallel to the offset
remover, and configured to output an Root Mean Square
signal of an output signal from the low pass filter.

4. The detecting circuit for a circuit breaker of claim 3,
further comprising a reference voltage detector connected to
an output terminal of the Root Mean Square detector and an
output terminal of the offset remover, and configured to out-
put a signal of a high level based on an output signal from the
Root Mean Square detector and an output signal from the
offset remover, for a time duration when an output signal from
the offset remover is larger than an output signal from the
Root Mean Square detector.

5. The detecting circuit for a circuit breaker of claim 4,
further comprising a signal divider connected to an output
terminal of the reference voltage detector and an output ter-
minal of the sampling circuit, and configured to extract a
frequency component signal from an output signal from the
sampling circuit, and configured to output a signal of a target
frequency, based on a pulse width and a period of the
extracted frequency component signal.

6. The detecting circuit for a circuit breaker of claim 5,
wherein the comparator is connected to an output terminal of
the reference voltage detector and an output terminal of the
signal divider, and is configured to output a breaking control
signal such that the circuit breaker operates to a circuit break-
ing position, if an output signal from the signal divider is
equal to or larger than an output signal from the reference
voltage detector.



