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Intermittent DC arc impedance model with segmented noise under resistive loads

ZHOU Lingfeng, YANG Shanshui, WANG Li, YIN Zhendong, CHEN Hongzhen, GAO Yang
(College of Automation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: Research on arc fault location and detection needs to build an accurate and comprehensive impedance model that
can reflect the characteristics of the arc. There is a problem in that existing arc impedance models cannot reflect intermittent
and complete noise characteristics. Thus, an intermittent arc impedance model with segmented noise is proposed. First, the
time-frequency domain characteristics of the experimental data of intermittent DC arc under resistive loads are analyzed, and
the results show that the arc impedance varies with the current and is highly random, and the arc noise in the frequency
domain presents differences in the spectral distribution of high and low frequency bands. Then, the impedance model with a
probability distribution law is proposed to reflect the randomness and intermittency of the arc in the time domain, and the
segmented noise model is used to reflect the characteristics of the noise spectrum distribution in the frequency domain.
Finally, the performance of the model is verified based on experimental data, and the results show that the proposed model
can accurately depict the random characteristics of the intermittent arc in both the time and frequency domains.
This work is supported by the National Natural Science Foundation of China (No. 51877102).
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Fig. 1 Schematic diagram of intermittent DC arc

experimental circuit

THEA U, =120V . I, =10.1 A L% T
L IR SE I SR BT 40, 1321 2 PR .
B2 AT LR, 2R AR HR, e R A
BT, AR AR 2 BRI TR, HEE Y
e E, RAMRRMBENTE. T2 &R
PERK, HIR ARG, RAEEII, FEA Il
JEJy “HETT” RS, e SIS N S N ) AR
o 1R EBAR I 5 AR .

22
20
18
16
14
12
10
8

Uv

6
4
2

0 0.16 032 0.48 0.64 0.80 0.96 1.12 1.28
tls

(a) HINHLHEE

1A

0 0.16 0.32 0.48 0.64 0.80 0.96 1.12 1.28
t/s

(b) IR AL T



PELPE G 280 5 20 B 7 (14 ) B LA P I BEL TSR - 87 -

R/IQ

0 0.16 0.32 0.48 0.64 0.80 0.96 .12 1.28
/s

(c) HUIRAE: ML
[ 2 (e Erit e AT SR AE 3 A

Fig. 2 Time domain characteristic analysis of intermittent arc
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Fig. 3 Noise spectrum analysis at different time stages
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Fig. 4 Frequency domain characteristic analysis of

intermittent arc
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Table 1 Values « for different loop currents

HLIT/A alQ

7.5 0.78, 09, 1.6, 1.6, 0.7, 2.1, 0.6, 098, 1.6, 1.3,
7.5 1.25, 1.2, 1.1, 1.2, 0.8, 0.7, 1.5, 1.3, 1.1, 1.1
8.4 1.45, 0.87, 1, 097, 0.7, 0.6, 1.3, 0.85, 1.4, 1, 0.9,
8.4 0.93, 0.5, 1.1, 0.6

9.3 0.75, 1.07, 0.72, 0.72, 0.87, 0.78, 0.67, 091, 0.51,
9.3 0.26, 0.36, 0.59, 0.66, 0.59, 0.62, 0.59, 0.66
10.1 0.5, 045, 035, 047, 047, 045, 042, 0.34, 0.43,
10.1 0.42, 0.53, 0.27, 0.35, 0.23, 0.33

10.9 0.2, 0.25, 0.35, 0.35, 0.31, 0.34, 0.37, 0.31, 0.36,
10.9 0.35, 0.35, 0.47, 0.37, 0.4, 0.42
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Table 2 Comparison of fitting effects of different probability

density distribution functions
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Table 3 Normal distribution fitting parameters at

different current levels
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7.5 1.1705 0.380 436

8.4 0.944 667 0.284 325

9.3 0.666 471 0.192 449

10.1 0.400 667 0.085 646

10.9 0.346 667 0.064 549 7
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Table 4 Comparison of the distribution fitting errors of parameter

D by different probability density distribution functions
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Table 5 Model error statistics table for different data intervals

Us=60V L=49A MLk | U,=120V L=10.1A ik
FIME VI (i it P U fi il
R R R R R R
0.069 0.086 8.72 0.115 0.265 5.64
0.233 0.147 121 0.09 0.18 0.65
0.452 0.14 327 0.022 0.19 0.84
0.391 0.052 22 0.123 0.15 0.75
0.542 0.158 2.43 0.143 0.06 0.66
0.217 0.009 1.82 0.165 0.007 0.023
0.127 0.15 1.72 0.051 0.142 0.023
0.003 0.007 1.02 0.124 0.166 0.28
0.142 0.02 0.7 0.052 0.02 0.28
0.272 0.166 0.43 0.04 0.056 0.3
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