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Dong-Eon Kim, Nam-Hoon Kim, Seung-Hyun Lim, and Gyung-Suk Kil

Department of Electrical and Electronics Engineering, Korea Maritime and Ocean University, Busan 49112, Korea

(Received January 19, 2021; Revised February 7, 2021; Accepted February 8, 2021)

Abstract: Heating cables, widely used in office buildings, factories, streets and railways, deteriorate in electrical

insulation during operation. The insulation deterioration of heating cables leads to electric discharges that can cause

electrical fires. With this background, this paper dealt with

a condition monitoring technique for heating cables by the

analysis of discharge signals to prevent electrical fires. Insulation deterioration was simulated using an arc generator

specified in UL1699 under AC operation, and the characteristic and propagation of discharge signals were analyzed on

a 100 meter-long heating cable. Discharge signals produced by insulation deterioration were detected as a voltage pulse

because they are as small as a few mV and they are attenuated through propagation path.

The frequency spectrum of discharge signals mainly existed in the range from 70 kHz to 110 kHz, and the maximum

attenuation of the signal was 84.8% at 100 meters away from the discharge point. Based on the experimental results,

a monitoring device, which is composed of a high pass filter with the cut-off frequency of 70 kHz, a comparator, a wave

shaper and a microprocessor, was designed and fabricated. Also, an algorithm was designed to discriminate the discharge

signal in the presence of noise, compared with the pulse repetition period and the number of pulse counts per 100ms.

In the experiment, the result showed that the prototype monitoring device could detect and discriminate the discharge

signals produced at every discharge point on a heating cable.
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Fig. 1. Fire events caused by heating cables.
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Fig. 2. Heating cable. (a) Structure, (b) electrical equivalent
circuit, and (c) discharge mode.

4 oox B
o2l Ob Jm of N
ol i xR ox N
lo o > om
= Mo ra
X =
o fok
N
o
3@ r
R
®

=
L
we n
=2
Rl
of
r){

t
1o
>
LT
O:>E ol
£l

ﬂ

ajet Zth,
2 Batol A WA WA Al AAETS 60 H
o AR Aol WS Dk,

rlo
EM
2
0, &

1
Rl
:

b

T



138 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 2, pp. 136-141, March 2021: D.-E. Kim et al.

Arc Generator

]|

/ / Discharges j

11
Heating cable

AC220V

Fig. 3. Configuration of the experimental apparatus.
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Fig. 4. Typical discharge pulses. (a) Discharge pulse imposed
on AC mains, (b) discharge pulse, and (c) frequency spectrum

of discharge pulse.
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Fig. 5. Changes of waveforms depending on the distance from

discharge point. (a) Input pulse and propagation pulse at 25 m and 3.2 MEAEs|2
(b) comparison of propagation pulse waveforms.
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Fig. 7. A waveform shaping. (a) Circuit diagram and (b) typical

waveforms.
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Fig. 9. A prototype monitoring device. (a) Photograph, (b)
circuit, and (c¢) algorithm for identification.
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