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Abstract: Currently, residual current operated protective devices (RCDs) solely rely on a fixed threshold as the tripping criterion. As a
result, under conditions such as improper parameter coordination, high harmonic content, and high-frequency arc pulses, there is a risk
of failure to trip or unwanted tripping. Moreover, they cannot effectively distinguish true electrocution events. To address this issue, this
paper proposes a novel RCD tripping criterion based on wavelet packet decomposition and dynamic feature component selection. This
criterion can quickly identify various types of faults, including common ground faults, electrocution, and arcing faults. First, the fault
onset moment is captured using kurtosis, a high-order statistical measure sensitive to signal impulses. The energy ratio of the differential
residual current signal in each cycle before and after this moment is calculated to identify abnormal conditions in real-time. Second, the
differential residual current signals from one cycle before the fault and three cycles after the fault initiation are collected for wavelet
packet decomposition. The kurtosis, wavelet packet energy ratio, and sample entropy of each node component are combined to form a
dynamic optimization index (DOI). The low-frequency and high-frequency signals are then reconstructed based on the contribution of
each component’s DOI, highlighting the fault characteristics of different fault types in current waveforms across various frequency bands.

Finally, electrical characteristics from the reconstructed signals are extracted, and fault classification is performed accurately through a

S H 1. 2024- 10- 15 Received Date; 2024-10-15
* FEAIH AREAE A REFER42(2021J01633) 10 H ¥ B



312 f# £ ¥

a6t

two-level chain-rule approach. The proposed method has been validated on an RCD prototype. Experimental results show that it performs

excellently in detecting series arcs, ground arcs, electric shock faults, and general grounding faults in low-voltage AC distribution

networks. The recognition rate reaches 97. 52% , with an average diagnostic time of 79. 6 ms. This method meets the sensitivity and

reliability requirements of RCDs, thereby significantly enhancing their practical application value.

Keywords : residual current operated protective device; electric shock fault; series arc; wave packet decomposition; dynamic

optimization of feature component
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Fig. 10 Principle wiring diagram of fault experiment and various fault scenario
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Table 1 Parameters of various typical loads

x2 FHREHNRRERR

Table 2 Recognition accuracy of various states

AR TR SR N IEBHREAEL HER%/ %
HiBH 2 FIBUT (300 W) (FUKaz (1200 W) SAF 25 25 100
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B[22 HLK (120 W) JRDGAS (300 W) 15 24T (300 W) ES 25 25 100

GGF 25 25 100
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A3 5B SISl e S 56 HR SR 100 2H B0 3 400 4, it 200 198 99
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Table 3 Classification accuracy of various fault categories

SLHZE Y FEAEL MRS R/ %
SAF 50 50 100
GAF 50 48 96

ES 50 50 100
GGF 50 49 98
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Table 4 Classification accuracy under noise interference

FRHIY FEAKL IERFEA KL HER /%
SAF 50 50 100
GAF 50 49 98

ES 50 50 100
GGF 50 50 100
it 200 199 99.5
2 RRAERT 2 WRE 1 704

M SAFs [RAIERIE £ &, HATSCT SAF R4 )7
B M AR = (R SRAE ZIB AT, SR T R R AR R A R 1
WA AT AL, B GEWRTTAY  55 4b, fil i B 3 DA T 45
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0 10 kHz, Ry T BEAEARCRAE 38 B 580 s i A7 sk
BREAR D1 3 HIREREER 5 12 kHz BEATIE, %t A
SREER T RPN R AT AN (A0FE 5 Fim ) L 76 5 kHz AYSREE
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x5 RABETHOEERE

Table 5 Classification accuracy under low sample frequency

(%)
SEHAAY AR 5 kHz 2 kHz
SAF 50 100 68
GAF 50 100 76
ES 50 100 100
GGF 50 98 96
Bt 200 99.5 85
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Table 6 Comparative results of various methods

Kl e SAF/% GAF/% ES/% GGF/% Rit/%
Fk o BFA/ms

SCHR[ 4] 500 94.2 91.7

k9] 7127 92 94
CHk[24]  97.5 100 96 100 96 98
Hk[25]  86.3 98 94 92 94 94.5
A3 79.6 99 95.04 99 97.02  97.52

M 6 FTTLAF A SCHR [ 9 ]2 Wi 18] fe i, (HL
FHAFIER o0t A 425 2 S B0 rit i BRAZ AL B L AR AL
HAT— 5 B Sy BRVE 5 107 SCHR [ 4 ] By 2 BEALIE 7 A9 408, I
A R ARG, 3 A0 SCHR [ 4,9 ] BT REFUN Ay i B2
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Fig. 13 Design block diagram of RCD prototype
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