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(57) The present disclosure relates to a 3-phase un-
dervoltage trip device capable of automatically tripping
a circuit breaker based on an under-voltage of a 3-phase
line voltage, including lines to which a 3-phase power is
applied. The undervoltage trip device is connected to
lines to which a 3-phase power is applied and configured
to operate to automatically trip a circuit breaker when an

open phase condition occurs on any one of three phases
of the power. As the undervoltage trip device automati-
cally trips the circuit breaker when the open phase con-
dition occurs on any one of three phase, occurrence of
the open phase condition due to disconnection or an ac-
cident on the line may be easily detected.
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Description

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a 3-phase un-
dervoltage trip device for automatically tripping (shutting
off) a circuit breaker by detecting an open phase based
on undervoltage of a 3-phase line, and a molded case
circuit breaker having the same.

2. Description of the Related Art

[0002] In general, a molded case circuit breaker (MC-
CB) is installed in a distribution board in a power reception
and distribution facility of a factory, a building, or the like,
and serves as a switching device for supplying or inter-
rupting power to the loads in the idling condition. The
circuit breaker also serves to cut off power supplied from
the power source to the loads in order to protect the wires
and the load devices on the line when a large current
exceeding the load current flows due to the abnormal
condition of the load line during use of the loads.
[0003] For this purpose, the MCCB includes an und-
ervoltage trip device capable of tripping a circuit to pre-
vent damage to the circuit and a load device connected
to the circuit when the applied voltage drops below a
predetermined value due to disconnection or the like.
[0004] FIG. 1 is a schematic view of an MCCB
equipped with a conventional undervoltage trip device.
[0005] As shown in FIG. 1, line voltages of any two
phases (e.g., S, T) of the 3 phases (R, S, T) may be
applied to a power supply terminal of an undervoltage
trip device 110 mounted on a conventional MCCB 100..
The undervoltage trip device 110 senses the level of the
line voltages of two phases (e.g., S, T) 10 in the energized
state. When the line voltages of two phases (S, T) be-
come 35% to 70% of the rated voltage due to an accident
on the line and thus undervoltage occurs, the undervolt-
age trip device 110 trips (shuts off) the circuit to prevent
damage to the circuit and the load devices connected to
the circuit.
[0006] FIG. 2 is a circuit diagram of the conventional
undervoltage trip device 110.
[0007] Referring to FIG. 2, the conventional undervolt-
age trip device 110 includes a rectifier 10 for rectifying
voltages (alternating current (AC) voltages) of any two
phases (e.g., S, T), a voltage divider 11 for dividing the
line voltages (direct current (DC) voltage) obtained
through rectification in the rectifier 10, a switch 12 which
is turned on/off by the divided voltage Vdiv produced by
the voltage divider 11, and an excitation coil 13 magnet-
ized or demagnetized according to a current to magnetize
(or demagnetize) a circuit-breaking fixed core (not
shown).
[0008] The voltage divider 11 includes two resistors
R1 and R2 connected in series and the divided voltage

Vdiv is determined by the resistance ratio of R1 and R2.
The rectifier 10 may include a bridge diode, and the
switch 12 may include a MOSFET.
[0009] When the two-phase (e.g., S, T) voltage is nor-
mally applied to the line, the divided voltage Vdiv output
from the voltage divider 11 becomes higher than the turn-
on voltage of the switch 12 (or gate-source voltage of the
MOSFET). When the switch 12 is turned on by the divided
voltage Vdiv, the circuit inside the device forms a closed
loop, and the energizing current flows through the exci-
tation coil 13. Thus, the excitation coil 13 is magnetized
by the energizing current to magnetize a neighboring
fixed core, thereby maintaining the circuit in a steady
state.
[0010] On the other hand, when the two-phase (e.g.,
S, T) voltage level is lowered (open phase) due to dis-
connection or the like, the divided voltage Vdiv of the
voltage divider 11 becomes lower than the turn-on volt-
age of the switch 12. When the divided voltage Vdiv be-
comes lower than the turn-on voltage of the switch 12,
the switch 12 is turned off, the internal circuit forms an
open loop according to turning-off of the switch 12, and
the energizing current passing through the switch 13 is
cut off. Therefore, the excitation coil 13 and the fixed core
previously magnetized by the energizing current are de-
magnetized, operating the circuit breaker (not shown).
Thereby, the circuit is tripped.
[0011] However, since the conventional undervoltage
trip device is connected to any two phases (e.g., S, T) of
the three phases (R, S, T) to perform a trip operation in
the event of disconnection or detection of an accident, it
may not recognize disconnection or occurrence of an ac-
cident with respect to the other phase R, and thus line
trip (shut off) may not be performed for the phase R.

SUMMARY

[0012] It is an object of the present disclosure to pro-
vide a 3-phase undervoltage trip device capable of stably
performing line trip by detecting disconnection or an ac-
cident occurring on at least one of 3-phase power lines,
and a molded case circuit breaker having the same.
[0013] Objects of the present disclosure are not limited
to the above-described objects and other objects and
advantages can be appreciated by those skilled in the
art from the following descriptions. Further, it will be easily
appreciated that the objects and advantages of the
present disclosure can be practiced by means recited in
the appended claims and a combination thereof.
[0014] In accordance with one aspect of the present
disclosure, a molded case circuit breaker may include
lines to which a 3-phase power is applied and a 3-phase
undervoltage trip device connected to lines and config-
ured to operate to automatically trip a circuit when an
open phase condition occurs on any one of three phases
of the power.
[0015] According to an embodiment of the present dis-
closure, the 3-phase power includes R, S, and T phase

1 2 



EP 3 346 566 A1

3

5

10

15

20

25

30

35

40

45

50

55

powers.
[0016] According to an embodiment of the present dis-
closure, the 3-phase undervoltage trip device may in-
clude: a rectifier connected to the lines and configured
to rectify the 3-phase power applied to the lines and out-
put 3-phase line voltages; a divider configured to distrib-
ute an average voltage of the 3-phase line voltages rec-
tified by the rectifier; an amplifier configured to amplify
the average voltage distributed by the divider; a compa-
rator configured to compare the average voltage ampli-
fied by the amplifier with a reference voltage and output
an open phase detection signal; and a switch turned on
or off according to the open phase detection signal of the
comparator and operated to supply a current to an exci-
tation coil for tripping the circuit breaker when turned on.
[0017] According to an embodiment of the present dis-
closure, the amplifier may include an OP amplifier, and
the switch may include a MOSFET.
[0018] According to an embodiment of the present dis-
closure, the 3-phase undervoltage trip device may further
include a phase detector enabled by the open phase de-
tection signal output by the comparator to detect a phase
having the open phase condition when the open phase
condition occurs.
[0019] According to an embodiment of the present dis-
closure, the open phase detector may include: first and
second rectification and division units configured to rec-
tify and divide line voltages of two phases among the line
voltages of the three phases; and a second comparator
configured to compare the divided voltages from the first
and second rectification and division units and outputting
a comparison signal indicating a phase having the open
phase condition.
[0020] According to an embodiment of the present dis-
closure, the first and second first and second rectification
and division units may commonly receive the line voltage
of one phase and divide the voltage with the same re-
sistance ratio.
[0021] According to the present disclosure, since the
circuit can be tripped when the open phase condition
occurs on any one of the three phases, occurrence of
the open phase condition due to disconnection or an ac-
cident on the line may be easily detected. Accordingly,
the circuit may be tripped with high accuracy and high
stability.
[0022] Further, according to the present disclosure, an
open phase detection signal that is output from an und-
ervoltage trip device when the open phase condition oc-
curs is used as an enable signal of an open phase de-
tector. Accordingly, the open phase detector may detect
a phase that is in the open phase condition, with a high
accuracy.

BRIEF DESCRIPTION OF DRAWINGS

[0023]

FIG. 1 is a schematic diagram of an MCCB equipped

with a conventional undervoltage trip device.
FIG. 2 is a circuit diagram of the conventional und-
ervoltage trip device.
FIG. 3 is a schematic diagram of an MCCB equipped
with a 3-phase undervoltage trip device according
to an embodiment of the present disclosure;
FIG. 4 is a detailed circuit diagram of a 3-phase un-
dervoltage trip device according to an embodiment
of the present disclosure.
FIG. 5 is a diagram illustrating an application exam-
ple of a 3-phase undervoltage trip device according
to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0024] Hereinafter, embodiments of the present disclo-
sure will be described in detail with reference to the ac-
companying drawings. It should be understood that the
present disclosure is not limited to the following embod-
iments and that the embodiments are provided for illus-
trative purposes only.
[0025] In this specification, the same reference numer-
als refer to the same or like elements, although the ele-
ments are in different embodiments. A redundant de-
scription of the elements will be omitted. As used herein,
the singular forms "a", "an" and "the" include plural ref-
erents unless the context clearly dictates otherwise.
[0026] FIG. 3 is a schematic diagram of an MCCB 100
equipped with a 3-phase undervoltage trip device 200
according to an embodiment of the present disclosure.
[0027] As shown in FIG. 3, the 3-phase undervoltage
trip device 200 according to an embodiment of the
present disclosure is connected to 3-phase (R, S, T) lines
to monitor the states of 3-phase line voltages. When the
open phase condition occurs on any of the three phases,
the 3-phase undervoltage trip device 200 trips (shuts off)
the circuit to prevent damage to the circuit and load de-
vices connected to the circuit.
[0028] FIG. 4 is a detailed circuit diagram of the 3-
phase undervoltage trip device 200 according to an em-
bodiment of the present disclosure.
[0029] Referring to FIG. 4, the 3-phase undervoltage
trip device 200 according to the present disclosure in-
cludes a rectifier 20 for rectifying 3-phase (R, S, T) line
voltages (AC voltages), a voltage divider 21 for dividing
the 3-phase line voltages (DC voltages) rectified by the
rectifier 20 and outputting an average value thereof, an
amplifier 22 for amplifying the voltage average value out-
put from the voltage divider 20, a comparator 23 for com-
paring the voltage average value output from the ampli-
fier 22 with a reference voltage value and outputting an
open phase detection signal, a switch 24 to be turned
on/off according to the open phase detection signal out-
put from the comparator 23, an excitation coil (not shown)
to be magnetized (or demagnetized) according to a cur-
rent flowing through turning on/off of the switch 24 to
magnetize (or demagnetize) a circuit-breaking fixed core
(not shown) for tripping the circuit breaker (not shown).
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[0030] The rectifier 10 may include a bridge diode.
[0031] The voltage divider 21 includes two resistors
R1 and R2 connected in series and divides the 3-phase
line voltages based on the resistance ratio of the resistors
R1 and R2 to output a voltage average value (average
line voltage).
[0032] The amplifier 22 may include an OP-Amplifier,
and the switch 24 may include a MOSFET. However,
embodiments of the present disclosure are not limited
thereto. Various switches may be included.
[0033] Hereinafter, operation of the 3-phase undervolt-
age trip device 200 according to an embodiment of the
present disclosure configured as above will be described.
[0034] When the 3-phase (R, S, T) voltages are nor-
mally applied to the lines, the 3-phase voltages rectified
in the rectifier 20 are divided by the voltage divider 21.
At this time, the divided voltage produced by the voltage
divider 21 is set to an average value of the 3-phase volt-
ages.
[0035] The average line voltage output from the volt-
age divider 21 is amplified by the amplifier 22 and then
input to the comparator 23. The comparator 23 compares
the input average line voltage with a preset reference
voltage, and outputs a comparison signal of a high level,
more specifically, an open phase detection signal indi-
cating that the open phase condition has not occurred.
[0036] The reference voltage is set to be smaller than
the average line voltage. Therefore, when the 3-phase
(R, S, T) voltages are normally applied to the line, the
comparator 23 outputs, to the switch 24, a high-level open
phase detection signal indicating that the open phase
has not been detected, thereby turning on the switch 24,
more specifically the MOSFET. When the switch 24 is
turned on by the high-level open phase detection signal,
the internal circuit forms a closed loop, and thus the en-
ergizing current flows through the excitation coil 25. Ac-
cordingly, the excitation coil 25 is magnetized by the cur-
rent to magnetize the neighboring fixed core. Thereby,
the circuit maintains the steady state.
[0037] On the other hand, if the open phase condition
occurs in at least one of the three phases (R, S, T) and
the line voltage is lowered, the average line voltage out-
put from the voltage divider 21 after the voltages are rec-
tified by the rectifier 20 and divided by the voltage divider
21 becomes equal to or lower than the reference voltage.
As a result, the comparator 23 outputs a low-level com-
parison signal, more specifically, an open phase detec-
tion signal indicating occurrence of the open phase con-
dition, thereby turning off the switch 24.
[0038] When the switch 24 is turned off by the low-level
open phase detection signal, the internal circuit forms an
open loop, and the current flowing through the excitation
coil 25 is cut off by turning off the switch 24. Thereby, the
excitation coil 25 is demagnetized. When the excitation
coil 25 is turned off, the neighboring fixed core is demag-
netized. Thereby, the circuit breaker (not shown) is op-
erated and the circuit is tripped.
[0039] FIG. 5 is a diagram illustrating an application

example of a 3-phase undervoltage trip device 200 ac-
cording to an embodiment of the present disclosure.
[0040] As shown in FIG. 5, the open phase detection
signal output from the 3-phase undervoltage trip device
200 of the present disclosure may be used as an oper-
ation signal of an open phase detector 300, which detects
a phase on which the open phase condition has occurred.
[0041] The open phase detector 300 may include first
and second rectification and division units 30 and 31 for
rectifying and dividing line voltages of two phases and a
second comparator 32 for comparing the divided voltag-
es produced by the first and second rectification and di-
vision units 30 and 31 and outputting a comparison signal
indicating a phase on which the open phase condition
has actually occurred.
[0042] The first and second rectification and division
units 30 and 31 receive a line voltage of one phase in
common among the 3-phase line voltages. Here, the
same resistance ratio for dividing the voltages is set.
[0043] In this embodiment, the first and second recti-
fication and division units 30 and 31 receive the line volt-
age of the S phase in common. The first rectification and
division unit 30 receives the line voltages of the R and S
phases, and the second rectification and division unit 31
receives the line voltages of the S and T phases.
[0044] The second comparator 300 is enabled (or trig-
gered) according to the low-level comparison signal out-
put from the first comparator 23 of the 3-phase under-
voltage trip device 200, and compares the divided voltage
from the first rectification with division unit 30 and the
divided voltage from the second rectification and division
unit 31 to determine the higher one of the divided volt-
ages.
[0045] Accordingly, when the open phase condition is
detected on any of three phases, the 3-phase undervolt-
age trip device 200 according to the present disclosure
may control the circuit breaker to trip the circuit, and at
the same time, output a low-level comparison signal,
more specifically, the open phase detection signal to the
open phase detection unit 300 to enable the open phase
detection unit 300.
[0046] Since the first and second rectification with di-
vision units 30 and 31 of the open phase detector 300
receive the line voltage of one phase in common among
the 3-phase line voltages, it is possible to know the phase
on which the open phase condition has occurred accord-
ing to the result of comparison.
[0047] For example, when the R phase is an open
phase, the divided voltage output from the first rectifica-
tion and division unit 30 is lower than the divided voltage
output from the second rectification and division unit 31,
and thus the second comparator 32 outputs a low-level
comparison signal. When the T phase is an open phase,
the second comparator 32 outputs a high-level compar-
ison signal using the same method.
[0048] When the S phase is an open phase, the divided
voltage output from the first rectification with division unit
30 and the divided voltage output from the second recti-
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fication and division unit 31 are almost equal to each
other, and accordingly no output is generated from the
second comparator 32.
[0049] Therefore, a phase on which the open phase
condition occurs may be easily recognized, based on the
comparison signal output from the second comparator
32. By using the comparison signal, a circuit or device
using two-phase line voltages may stably perform line
switching.
[0050] In summary, the 3-phase undervoltage trip de-
vice 200 of this embodiment may determine whether or
not the open phase condition has occurred on at least
one of the three phases through the first comparator 23,
and determine a phase having the open phase condition
among the three phases, through the second comparator
23.
[0051] In the present embodiment, two rectification
and division units have been described as an example,
but the present disclosure is not limited thereto. As an-
other example, three or more rectification and division
units may be provided, and the second comparator 32
may compare the output voltages of the plurality of rec-
tification and division units to detect a phase on which
the open phase condition has occurred among the phas-
es connected to the rectification and division units.
[0052] As described above, the 3-phase undervoltage
trip device of this embodiment may operate to trip the
circuit when the open phase condition occurs on any one
of the three phases. Therefore, the 3-phase undervoltage
trip device may detect occurrence of the open phase con-
dition caused by disconnection or an accident on the line,
with high accuracy and may be effectively applied to line
switching or the like.
[0053] The 3-phase undervoltage trip device and the
circuit breaker having the same according to the present
disclosure described above are not limited to the config-
urations and methods of the embodiments described
above. It will be understood that the disclosure may be
embodied in other specific forms without departing from
the spirit or scope of the disclosure. Therefore, it should
be understood that the above-described embodiments
are to be considered in all respects as illustrative and not
restrictive.
[0054] The present disclosure described above may
be variously substituted, altered, and modified by those
skilled in the art to which the present invention pertains
without departing from the scope and sprit of the present
disclosure. Therefore, the present disclosure is not lim-
ited to the above-mentioned exemplary embodiments
and the accompanying drawings. The scope of the in-
vention should be defined only by the accompanying
claims and equivalents thereof.

Claims

1. A 3-phase undervoltage trip device (200) connected
to lines to which a 3-phase power is applied and con-

figured to operate to automatically trip a circuit break-
er when an open phase condition occurs on any one
of three phases of the power, the 3-phase undervolt-
age trip device comprising:

a rectifier (20) configured to rectify the 3-phase
power applied to the lines and output 3-phase
line voltages;
a divider (21) configured to distribute an average
voltage of the 3-phase line voltages rectified by
the rectifier (20);
an amplifier (22) configured to amplify the aver-
age voltage distributed by the divider (21);
a comparator (23) configured to compare the
average voltage amplified by the amplifier (22)
with a reference voltage and output an open
phase detection signal; and
a switch (24) turned on or off according to the
open phase detection signal of the comparator
(23) and operated to supply a current to an ex-
citation coil for tripping the circuit breaker when
turned on.

2. The 3-phase undervoltage trip device according to
claim 1, wherein the amplifier (22) comprises an OP
amplifier, and
the switch (24) comprises a MOSFET.

3. The 3-phase undervoltage trip device according to
claim 1 or 2, further comprising:

a phase detector (300) enabled by the open
phase detection signal output by the comparator
(23) to detect a phase actually having the open
phase condition.

4. The 3-phase undervoltage trip device according to
claim 3, wherein the open phase detector (300) com-
prises:

first and second rectification and division units
(30, 31) configured to rectify and divide line volt-
ages of two phases among the line voltages of
the three phases; and
a second comparator (32) configured to com-
pare the divided voltages from the first and sec-
ond rectification and division units (30, 31) and
outputting a comparison signal indicating a
phase having the open phase condition.

5. The 3-phase undervoltage trip device according to
claim 4, wherein the first and second first and second
rectification and division units (30, 31) commonly re-
ceive the line voltage of one phase and divide the
voltage with the same resistance ratio.

6. The 3-phase undervoltage trip device according to
claim 4 or 5, wherein the second comparator (32)
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compares the divided voltage from the first rectifica-
tion and division unit (30) with the divided voltage
from the second rectification and division unit (31)
to identify a higher one of the divided voltages.

7. A molded case circuit breaker (100) comprising lines
to which a 3-phase power is applied and a 3-phase
undervoltage trip device (200) connected to lines and
configured to operate to automatically trip a circuit
when an open phase condition occurs on any one
of three phases of the power,
wherein the 3-phase undervoltage trip device (200)
comprises:

a rectifier (20) connected to the lines and con-
figured to rectify the 3-phase power applied to
the lines and output 3-phase line voltages;
a divider (21) configured to distribute an average
voltage of the 3-phase line voltages rectified by
the rectifier (20);
an amplifier (22) configured to amplify the aver-
age voltage distributed by the divider (21);
a comparator (23) configured to compare the
average voltage amplified by the amplifier (22)
with a reference voltage and output an open
phase detection signal; and
a switch (24) turned on or off according to the
open phase detection signal of the comparator
(23) and operated to supply a current to an ex-
citation coil for tripping the circuit breaker when
turned on.

8. The circuit breaker according to claim 7, wherein the
amplifier (22) comprises an OP amplifier, and the
switch (24) comprises a MOSFET.

9. The circuit breaker according to claim 7 or 8, further
comprising:

a phase detector (300) enabled by the open
phase detection signal output by the comparator
(23) to detect a phase actually having the open
phase condition.

10. The circuit breaker according to claim 9, wherein the
open phase detector (300) comprises:

first and second rectification and division units
(30, 31) configured to rectify and divide line volt-
ages of two phases among the line voltages of
the three phases; and
a second comparator (32) configured to com-
pare the divided voltages from the first and sec-
ond rectification and division units (30, 31) and
outputting a comparison signal indicating a
phase having the open phase condition.

11. The circuit breaker according to claim 10, wherein

the first and second first and second rectification and
division units (30, 31) commonly receive the line volt-
age of one phase and divide the voltage with the
same resistance ratio.

12. The circuit breaker according to claim 10 or 11,
wherein the second comparator (32) compares the
divided voltage from the first rectification and division
unit (30) with the divided voltage from the second
rectification and division unit (31) to identify a higher
one of the divided voltages.
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