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Abstract. The AC series fault arc tests are conducted by a self-design platform according to several

common test standards for fault arc circuit breakers in this paper. Compared with the no-arc current

waveform, the current of fault circuit has shoulders when the current passes zero, and the current of

fault circuit is lower than the no-arc current. A united method of the wavelet transform (WT) and the

information entropy (IE) is proposed to distinguish the fault and normal circuit. By the WT of arc

current and the analysis of multiple-sampling, the results reveal that the arc fault frequency bands (FB)
range is (625, 1250) Hz. The wavelet component D3 of arc current and its wavelet energy (WE) have

large value during the arc period. The wavelet energy of no-arc circuit is lower than 0.006. The IE is

bigger than 1 in the fault circuit. Therefore, the FB, WE, IE can be chosen as the fault characteristics

to detect the fault circuits.
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1. Introduction

As the aircraft ages, the number of arc faults in cables will increase. Moreover the special flight
environment also have effects on the fault arc appearances. For arc duration is short and the current is
small, the fault cannot detect by the aviation circuit breaker quickly. When the arc fault is serious, it
causes the fire and power system fault, even more a casualty tragedy, which is a great threat to
aviation safe. Therefore it is necessary to detect the aviation arc fault for the safety of aviation [1-3].

The common types of arc faults are series arc fault and parallel arc fault. The series arc fault results
from the loose connection in the wires, which is shown in Fig. (1-a) [4]. Its fault current is small.
Parallel fault occurs between phase and neutral line or phase line and phase line, shown in figure (1-b).
It caused by two adjacent wires short-circuit, which results from two or more wires insulation
damaging, and the metal conductor exposed [5]. It is more dangerous and releases even greater energy
than the series arc fault.

(a) (b)
Fig. 1 The types of arc fault

Recently, most of the authors pay attention to research of the fault arc. In Refs [6], the author uses
weight direct determined neural network method to recognize arc fault. In Refs [7], the author applies
The wavelet neural network method and by changing the arc faults of different loads to verify its
accuracy. In Refs [8], the author uses wavelet packets and proposes a new algorithm to distinguish the
arc faults. In Refs [5], the author pays attention to arc characteristics of different loads and with the
help arc-fault circuit interrupter (AFCI), the fault of different types can be detected.

According to a number of common test standards of fault arc circuit breakers, the AC series arc
fault platform are established and the current signal is sampled. A united method of the wavelet
transform (WT) and the information entropy (IE) is proposed to distinguish the fault and normal
circuit. Comparing the similarities and differences between the fault current signal and the normal
current signal, a relatively reliable distinguishing feature of fault is proposed.
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2. The Experimental device

Nowadays, the aircraft electrical systems operate at 115V AC (400 Hz). So the paper uses the
115V, 400Hz power supply to research the arc fault, ignoring the effect of air pressure during the
aviation flight. Referencing to a number of internationally common test standards for fault arc circuit
breakers [9, 10], the series arc generator is designed in Fig. 2.

The circuit elements mainly include a AC 115V(400Hz) power supply, a switch K, different types
of resistance Z, a oscilloscope, a clamp current transducer T and the series arc generator device M.
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Fig. 2 The experimental circuit of series arc Fig. 3 Series arc generator

The series arc generator device is shown in Fig. 3. In the picture, the fixed contact 1 is fixed
electrode. The moving electrode, contact 2, with a sharp head is controlled by a stepper motor. The
motor drives screw guide to control the velocity of moving electrode, which can simulate the series
arc fault caused by a loose connection of the wire. In order to avoid the occasion of experiment, the
experiment should be repeated more than 30 times for each kind of load.

3. The analysis method of arc fault

According the previous researches, the arc current contains high frequency components and it
change over time irregularly. So the paper uses wavelet transform (WT).
3.1 Wavelet Transform.

The wavelet transform (WT) is defined as [11, 12]

WT, (a,7) = % J, fow ¢ )

Where, f(t) e L’(R)and w(t) is the wavelet function.
v..(t) is defined as

wa,,(t)=%w(‘§),a>o,re R 0)

Where, a is the dilation factor and z is the translation factor.

Through wavelet transform the signal is divided into different frequency bands. The signal x (t) is
discretized to sample time series x (n)[13], J is the layers of Wavelet decomposition.

x(n) =Dy (n)+ A(n) = D, (n) + D,(n) + A,(n)

= i D, (n)+ A (n) (3)

At each layer j, approximation signal Aj and detail signal D; can be created. The signal A; will be
decomposed into approximation signal Aj+1 and detail signal Dj+1. The whole process is equivalent to
a signal A; passing through a high-pass filter and low-pass filter. The signal Aj+1 is the low-frequency
signal and the signal Dj-+1 is the high-frequency signal.

A; (n) is the J™ layer approximation signal.

The frequency bands (FB) range of every component is as follows:

{Dj (n):[2799f,27f ]

_ =12 J 4
A (n):[0,2709 1 ] : 4)

In the equation, s is the sampling frequency, j is the number of layer decomposition, n is the nth
sampling point. In this paper, the sampling frequency of the oscilloscope is 5000Hz.
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The paper uses 3 layer of wavelet decomposition with the mother wavelet of Daubechies 4(db4)
that is widely used in waveform analysis.
3.2 Wavelet Energy.

On the basis of wavelet transform theory, the wavelet energy of sampling points is

E(n) = /z E,(m =[], () ©)

Where, n is the n' sampling point and D;(n) is the reconstructing signal of j™ layer.

3.3 The Information Entropy Principle.

Shannon’s entropy is an important uncertainty measurement for evaluating and analyzing data. It is
defined as follows:

Set the vector X as a discrete random variable with n possible states, Set the vector p as those n
states appearance probability.

Where, X ={X, %, X;,.--X.}, p={P., P,, P5.---P,}, the values of p satisfy the terms of
0<p <1

z p; =1
i=1
The definition of information entropy (IE) proposed by Shannon is as follows [14, 15]:
IE=H (P, Prron i) =—K3 Py og, P ®
i=1

Where, the H(x) is the information entropy which is a measurement expressing the uncertainty by
distribution of probability. In the formula, the base-a can be any positive humber. Under normal
circumstance, a is chosen to 2 and the k is chosen to 1, therefore, the paper does too.

The arc current has the uncertain magnitude and high frequency harmonics components, whereas
the normal current has a constant range, so the arc current has a bigger information entropy than
normal current. EN is 0.006 that is threshold distinguishing the arc from no-arc circuit. The wavelet
energy range is divided into n regions and n=8. The energy section is

(o,%], ...... 7= EN], (EN,+x)

Calculate the probability of wavelet energy of each sampling point in the 50 points in the above 9
region, then solve the information entropy.

4. Experimental Results and Analysis

The loads current is 1A, 5A, 10A, respectively. The arc burn with a bright flame in Fig. 4. Because
of the same change rule of arc current when the fault occurs, the paper takes arc faults under 115V 1A
condition as an example to analyze the fault arc characteristics, which is shown in Fig. 5. Fig. 6 is the
WT of current.

Fig.4 The arc within self-design arc generator
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Fig.5 The current waveform at 115V 1A
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Fig.6 (1) The WT of current in normal circuit Fig.6 (2) The WT of current in arc fault circuit

In the Fig. 5, it is shown that the most of the arc current waveform is similar to the no-arc current
but there are some arc characteristics such as shoulders when the current passes zero, reduced current
amplitude compared with no-arc current. As it is mentioned in the previous, A3 component is the
approximate component which is similar to the original current signal. D3, D2 and D1 components
are the detail components reflecting the high frequency signal. The frequency-band range is as

follows:
Table 1 The frequency bands of every reconstructing signals
Reconstructing signal Frequency bands(Hz)
D3 625~1250
D> 1250~2500
D 2500~5000
Az 0~625

In the Fig. 6(1)-Fig. 6(2), it is obviously that arc fault circuit has higher D3 component value than
its in normal circuit and the D3 component have a large mutation during the current passing zero or
large current period. However, the values of D2 and D1 components are near zero except for some
large current point during the arc. While the D3, D2 and D1 components during no-arc period are near
zero. So the D3 component can be a characteristic of fault arc. In the Table 1, the D3 frequency-band
range is 625~1250Hz, which the arc fault current has high frequency component, while the normal
current is 400Hz. Because of the wavelet energy is solved by the detail components, the regular of
wavelet energy is the same with D3 component in Fig. 7.
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Fig. 7(1) The WE of fault normal current Fig.7 (2) The WE of fault arc current
Compared with different loads current, the wavelet energy changes with the load current changing.

The larger the current is, the bigger wavelet energy it has. Though normalization, which the wavelet

energy divide the no-arc load current, the wavelet energy of no-arc circuit is lower than 0.006, so the

wavelet energy threshold is set as 0.006. In order to distinguish the arc from normal current accurately,

the information entropy method is applied. The calculation results of information entropy and

characteristic frequency-band are shown in Table 2.

Table 2 The comparison of the characteristic of series arc

u(v) I(A) IE FB(Hz)
1 2.021

115 5 1.835 625~1250
10 2.12

The results show that the IE of arc current is bigger than that of no-arc current, and the IE has
nothing to do with the load current. The IE of arc current is bigger than 1. While the IE of no-arc
current is lower than 0.5, so the threshold is set as 1. The large IE value appears in the current passing
Zero region.

5. Conclusion

In this paper, a simulation experiment is carried out to simulate the AC series arc fault and a united
method of the wavelet transform and the information entropy is proposed to distinguish the fault and
normal circuit. Comparing the analysis results, it can be seen that the fault arc characteristics as
follows:

1) The fault arc frequency bands range is (625, 1250) Hz;

2) D3 component and wavelet energy have big value and the wavelet energy is bigger than 0.006.

3) The current of fault circuit has shoulders when the current pass zero.

4) The current of fault circuit is lower than the no-arc current.

5) The IE of fault circuit is bigger than 1.

If the detected circuit has all or most of these characteristics, the series fault arc maybe take place.
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