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A Study on the Detection and Discrimination of Series Arc
in Low Voltage Wiring Systems

by Hong Keun, Ji

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime and Ocean University

Busan, Republic of Korea

Abstract

Although research institutes and industrial manufactures have made
great efforts to prevent electrical fires in low-voltage wiring system, it
still accounts for a large part of fire accidents. Especially, the series
arc, which can not be protected by the existing circuit breaker and
leakage current circuit breaker, is investigated in attempts to achieve
better detection algorithm and the interruption technology. However,
the related techniques have not been adopted in Korea. Therefore, this
thesis dealt with the detection method, characteristics and analysis
algorithm of series arc that can cause the electrical fires.

An arc generator was designed according to UL1699 and electrodes
were selected as cord-cord, cord-terminal, and outlet-plug to simulate
the actual incomplete connections in an indoor wiring system. The

series arc current was detected using a wide band current transformer
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with a frequency range of 1 Hz - 20 MHz. Signals were acquired using
a digital storage oscilloscope with a sampling rate of 5GS/s and a
bandwidth of 1 GHz, and using a data acquisition unit with a sampling
rate of 100 MS/s and a bandwidth of 50 MHz. The arc detection and
analysis algorithms were developed based on LabVIEW program.

The detected arc current signal was analyzed by the discrete
wavelet transform. By calculating the correlation coefficient between
the signal arc pulses and the wavelets, dbl3 was selected as the
optimal mother wavelet. The arc signals in 6 sinusoidal cycles were
further decomposed into 8 levels using the multi-resolution analysis
method to analyze the signal frequency range. From the results, arc
signals were distributed in the detail components D5, D6, D7, and DS,
corresponding to the frequency range of 2.4 kHz -39 kHz(-3 dB), based
on which the optimal arc detection band-pass filter (BPF) was
designed.

The BPF was used to analyze the arc signal energy and phase
distribution. It was confirmed that the signal energy of an arc
condition was more than 30 times of that of normal condition without
arc discharge. In addition, the arc signal in the heater load distributed
in 0°~120° and 150°~270°, and distributed in 0°~90° and 180°~240°
in the computer load. In the refrigerator and air conditioner, most arc
signal distributed in 0°~120° as well as 210°~300°, and 30°~180° as
well as 210°~360°, respectively.

After analyzing the arc pulse count and arc signal energy, it was

confirmed that the signal energy of an arc condition was more than 30
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times of that of normal condition and the arc occurred at least twice
in 6 sinusoidal cycles. Therefore, the arc discrimination algorithm was
developed by LabVIEW program. From the case studies, the proposed
algorithm could identify arcs accurately. Results from this thesis is
expected to be applied in the low-voltage wiring system for

preventing arc—caused electrical fires.
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Fig. 2.9 Photographs of cuprous oxide
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Table 3.2 Components distribution of arc current

Load Arc fault Arc signal distribution
Cord-Cord D7, D8
Hesistive Cord-Terminal D6, D7, D8
Outlet-Plug D6, D7, D8
Cord-Cord D5, D6, D7
SMPS Cord-"Terminal D5, D6, D7
Outlet-Plug D5, D6, D7
Cord-Cord D6, D7, D8
Motor Cord—"Terminal D6, D7, D8
Outlet=Plug D6, D7, D8

=
Mg o g FEiatEs o] &3 1% 316(a)¢t 22 dgTHEEHE AAs
Cz 4% adgsaye R C2 7+A4E A9%

W2 FAEH, Fu 542 29 316(bh)9 2

Y
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Fig. 3.16 Band-pass filter
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Fig. 3.17 Arc signal and energy spectrum(Electric heater)
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Fig. 3.20 Arc signal and energy spectrum(LED lamp)

- 61 -

Collection @ kmou



Iz 3.3 A3 oz BA

Table 3.3 Analysis of signal energy

Load

Energy of signal

Normal status

Series arc status(Minimum)

Electric heater

oo 841 284

(5§)CW) 42 3861
Eli%tgivcv)fa“ 0.07 6.8
LE«?O i}?]r)np 265 21,829
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Fig. 3.22 PRSA patterns depending on loads
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A S7 ez, g Rl A E oy X ®mok 30w o] 714
A5 ot=art HAsta s ddE =S AASAT. 19 4.2(a)l of
a3d dagFe] MRS YEhi e, LabVIEWE o] g8t dA 7
VIe] ZAENII S FrojojadllS 19 42(b)% 42(c)e HERHATH

TA LA Nie 7313 AEF9 o2 I~ 4 Eix 100msd A4 o}
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2 %o A ge YeEid ZaEdqdds waHs 44 0%
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Table 4.1 Increase ratio of signal energy
Load Increase ratio of energy
Electric heater 33.7
PC 91.9
Electric fan 97.1
LED lamp 8249.8
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Table 4.3. R and L value according to line length

A2l [m] 5 10 20 30
R [2] 0.371 0.741 1.482 2.223
L [uH] 0.245 0.490 0.980 1.470
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Table 4.4 Attenuation ratio of signal against line length and frequency
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2.4 0.037 0.074 0.148 0.222
20 0.037 0.074 0.149 0.223
39 0.038 0.075 0.150 0.225

—A—2 4kH; e=esm)0kHz —v— 30kHz
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Fig. 4.6 Attenuation of signal against line length
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