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ABSTRACT

The purpose of this study is to develop an earth leakage alarm circuit breaker, equipped with a leakage alarming function
(JER-E2S, ETECKOREA Co., Korea), and to analyze its characteristics. The developed mechanism is exclusively used for
single-phase and 220 V circuits, with a rated current of 32 A, 20 A, 20 A (for restrooms), 16 A, etc. It satisfies all
characteristics of existing earth leakage circuit breakers (ELB). If a fire current, which is a resistive leakage current (Igr),
flows through an electric line, the device detects the leakage current in real time and warns against the leakage through
a blinking LED lamp. Since the developed device displays a tolerance to a capacitative leakage current (Igc) that inevitably
occurs in LED lamps, communication devices, etc., it ensures a stable power supply. In addition, the earth leakage alarm
circuit breaker protects against power failure due to a momentary ground fault. Therefore, it can supply power without the
risk of the circuit breaker malfunctioning due to a momentary ground fault caused by water droplets, leaves, etc. Moreover,
with a standby power of less than 0.1 W, the developed earth leakage alarm circuit breaker exhibits a power saving
performance that is 3~8 times greater than that of other ELBs. Installation of approximately 10 earth leakage alarm circuit
breakers in one apartment household, with an area of 120 m?, can save 2~5 kWh per month. Therefore, the developed earth
leakage alarm breaker not only satisfies the characteristics of existing earth leakage breakers, but also exhibits outstanding
power supply quality since it has the functions of electric fire prevention and malfunction prevention. Therefore, this device
can innovatively contribute to electric fire prevention.
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Figure 1. Relationship between resistive leakage current (Igr) and
synthetic leakage current (Ig).
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Table 1. Comparison of Properties and Limits of General Breakers
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Classification General ELB

General ELD, NFSC 205

General MCCB

It is a function to prevent electric
shock accidents in the human body
and life.

Installation
Purpose

It is installed in a three-phase
power facility, and is a function to
warn of short-circuit and ground
accidents.

This function is designed to prevent
accidents in electric facilities when
overcurrent flows through electric
power lines.

The operational current is 30 mA and
.. the operating time is not more than
Characteristics P g . .
0.03 s. And anti-freeze operations are

15 mA.

Depending on the size of the
leakage current, it is for 0.2 A, 0.5
A, 1.0 A, and it sends out sound
signals of 70 dB or higher.

When the rated current is 30 A, it is
cut off within 60 min if the
over-current of 1.25 times flows.
Then, if an over-current flow, which
is twice the rated current, shuts
down the circuit within 2 min.

Although there is a function to

prevent electric shock accidents on

Threshold
Point

living organisms, the function of
preventing electric fire for the 15 mA
to 29 mA resistive leakage current is

poor.

The alarm function for ground and
short circuit accidents is not
enough, but the functions of
electric shock and fire prevention
are very poor.

Although there are some functions
to reduce the accident range of the
electric facility, the functions to
prevent electric shock accidents and
electric fire are very insufficient.
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Figure 2. Constructing the circuit of the circuit for earth leakage
alarm breaker and shut-off of resistive leakage current

(Igr).
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Figure 3. Real picture of the earth leakage alarm breaker with
integrated real-time LED lamp alarm.
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Figure 4. Detection of Igr and operation test of LED lamp of
developed earth leakage alarm breaker.
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Table 2. Igr Detection of Developed Earth Leakage Alarm Breaker
and Test Results of LED Lamp

Igc [mA] | 0 | 10 | 20 | 30 | 40 | 50
1)1-6er Igr [mA] | 133 | 13.2 | 12,9 | 13.0 | 13.0 | 127
LED Lamp | ON | ON | ON | ON | ON | ON
Igc [mA] | 0 | 10 | 20 | 30 | 40 | 50
Zgyie ler [mA] | 13.6 | 13.7 | 13.8 | 13.7 | 143 | 14.4
LED Lamp | ON | ON | ON | ON | ON | ON
Dtype| lgc [mA] | 0 | 10 | 20 | 30 | 40 | 50
20A | Igr[mA] | 79 | 90 | 90 | 78 | 7.9 | 82
W/C | LED Lamp | ON | ON | ON | ON | ON | ON
Igc [mA] | 0 | 10 | 20 | 30 | 40 | 50
Zgyie lgr [mA] | 13.8 | 13.8 | 13.0 | 129 | 122 | 122
LED Lamp | ON | ON | ON | ON | ON | ON
Table 3. Test Results on the Blocking Characteristics of the
})ge;veloped Earth Leakage Alarm Breaker with Increasing
Igc mA] | 0 | 10 | 20 | 30 | 40 | 50
DR 1gr [mA] | 23.0 | 23.1 | 228|229 [ 23.0 [ 229
Judgement | OK | OK | OK | OK | OK | OK
Iec [mA] | O [ 10 | 20 | 30 | 40 | 50
%—‘fge Igr [MA] | 237 | 23.6 | 24.1 | 24.5 | 242 | 253
Judgement | OK | OK | OK | OK | OK | OK
Detype | 1ge [mA] | 0 | 10 | 20 | 30 | 40 | 50
20A | Igr [mA] | 122 | 13.1 132|123 | 13.1 | 13.6
wie Judgement | OK | OK | OK | OK | OK | OK
Iec [mA] | O [ 10 | 20 | 30 | 40 | 50
2‘2 PEl dgr [mA] | 236 | 234 | 300 | 298 | 226 | 227
Judgement | OK | OK | OK | OK | OK | OK
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Table 4. Results of the Leakage Breaker Test for Ig

ler [mA] | 0 | 10 | 20 |30 | 40 | 50
?'gyie lec [mA] |933 |93.5 |93.8 |93.7 [913 | 932
Judgement | OK | OK | OK | OK | OK | OK
ler [mA] | O | 10 | 20 |30 | 40 | 50
D-type
S0 n | lec [mA] | 90.6 [90.6 |90.7 | 90.6 | 998 | 985
Judgement | OK | OK | OK | OK | OK | OK
ler [mA] | O | 10 | 20 |30 | 40 | 50
2’;/26 Igc [mA] |90.5 |90.4 |90.3 | 983 |[91.8 |9L.1
Judgement | OK | OK | OK | OK | OK | OK
220V, 60 Hz
+__I b Switch
D -
D Oscilloscope
€ ; Variable
resistor

:

Figure 5. A circuit for assessing the capability of the momentary
ground outage protection of a developed earth leakage
alarm breaker.

Table 5. The Results of the Assessment of the Instantaneous
Earthing Electrostatic Protection Function

Igr mA 15 30 60 90

D-type 16 A | Delay Time ms - 202 | 100 | 30
Judgement OK | OK | OK | OK

Igr mA 15 30 60 90

D-type 20 A | Delay Time ms - 190 | 108 | 38
Judgement OK | OK | OK | OK

Igr mA 15 30 60 90

D-type 32 A | Delay Time ms - 202 | 96 34
Judgement OK | OK | OK | OK

25~45 mA°l A 180~220 ms, 46~75 mA°l| Al 180~120 ms, 76
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Figure 6. Standby power measurement of developed earth leakage
alarm breaker.
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